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GERMAN METHODS IN COMMERCE.* 

By Sir WILLIAM RAMSAY, P.R.S., D.C.Lt, LL.D., &c, 

It has not been generally known that in commerce, as in 
war, the methods employed by Germany have been com- 
pletely organisedformany years. Instead of looking on 
commerce as an arrangement for mutual benefit, the Ger- 
man nation has regarded it as a war* And, just as in the 
present war, all methods of attack are regarded bythe 
military advisers of Germany as legitimate, so we ate 
slowly awaking to the knowledge that German commercial 
and industrial methods have for years been aggressive. 
The wax in which we are how engaged 4 $, iodeiL a wax 
for the liberation of nations from commercial 1 ana indus- 
tifial brutality, as well as for their deliverance from an 
Attempted ^Avement to German ** -Soltm*** as exempli- 
fied by$he practices of their army# 

At the annual meeting of the Society of Chemical In- 
dustry in 19 03, I pointed out that the German military 
organisation had its counterpart in their commercial 
organisation ; that there exists an Imperial Council whose 
proceeding* are kept quiet, but which takes into considera- 
tion all obtainable statistics, and as far as possible legis- 
‘ates, or endeavours to legislate, on tha oasis of these 
" i^:Whme:#0al : ' duties are found to be required 

transit ** wstible w l, , _ - r ,™ 

: property of the State. I then said : •* Is it W. he expected 
that any country can fight such a combination as that 
without adopting, at all events, something of their methods, 
nr without studying their methods, and without combining 
together, if not to imitate them, at least to thwart them ? 
There is -a military dampaign against us, arid we; must 
defends ourselves.* ' - , * 

The competition in colour trade, for instance, bap 
f almost prohibited tine manufacture of dyes in England. In 
Germany the management is in the hands of well-trained 
men, who,' aided by an efficient staff of engineers and 
chemists, are continually engaged on the problems of 
utilising any discovery made in their own laboratories or 
elsewhere, and making it commercial, whether by securing 
cheap raw material, cheapening the process of manufac- 
ture, or creating a public demand for the object to he 
manufactured. Agencies are maintained all over the 
world whereby the article is introduced to the notice of ' 
» foreign purchasers ; and an extensive credit system is en- 
■couraged. All this is legitimate ; ’ but the maintenance of 
trained legal staff, not merely to advise as to the validity 
■ ots, but to advise whether the infringement of 

1 |tead at the Institute of Industry and Commerce, 


another s patent is likely to be successful, and whether it 
may not be possible, by infringing a patent, so to saddle 
an opponent with legal expenses as to break his competi 
tion, is not easily defensible. Fair competition between 
^individuals lies at the hottom of all trade,; unfair competi- 
tion, backed by all the resources of the State, is what we 
have had to face with Germany, , 

We^baVe'^ to our notice German 

method#' WppMt' to j the Shipping industry, ana the Aus* , 
trahips Shave: been pointing out that the control of the 
‘‘ base metal market' & almost entirely in German 
'landfti *. / ^ * 'v . ' ■ ■ - ' s- 

: It is necessary to go further ; Just as the German State 
has shown itself to be no respecter of treaties^ Just 
as the leaders Of the German Army have revealed them- 
selves as breakers Of every humane law, treacherous and 
deceitful, so long as they think they can gain their ends, 
so rt is fooiish not to he warned that the German nation 
as a whole is completely unworthy of trust ; that commer- 
dal agreements are regarded by members of that nation** 
binding only so long as some advantage is to be gained by , 
keeping to them; and that dishonesty id excusable if only 
it appears to lead to German prosperity. For there it a 
sort of debased patriotism M the. aym&e German rnhid^- 

fiber alien in der 
of- # Deutschlatid »* 

. _ wife' shocked at the beginning of the war by the k 
dwegard towards treaties displayed by our opponents ; we 
were amazed at the treatment of Belgian non-comr 
batants; and we are slowly realising tisat every ttfejr, from ; 
firing on the Red Cross to the falsa display of the white 
ffagof surrender, is shade use Of by the enemy, and «$V 
be it observed, by Individual groups Of" our bpjptpetitm; 'fa' 
by command from %b quarters. We are slow# 'wfwr ' < 
Sedulously awakening to urn knowledge that 
commercial .tricks are on * pat . with their tricks In' w|f 1 
that the whole nation is mftected by the hrictobe Uf fc 
honour and dishonesty* ^ 

Of course there are fcbnest men among our opponents ; 
from time to time we read of kind agtfc to otir wonhded ; 
and from; Ef elpnx ' experieiice & Germany dnd the Ger- 
mans | have no Hetitatipn in Otsmi* a# 

kindly^ a& bpw^Wifci as uprfght as there are amongtrar? . 
selves, thO JwohJ’IWSf'. Americans, and among the in— 
habitant! of other nations. That is not the point* 
What wp have to face is a nation organised for a policy of * 
dishonesty, and* nation which, as a nation, approves pf 
that policy. , Moreover, this nationbelieves that the polity 
of iSahdticsty is likely to be a successful erne, and it has 
the will, and believed itself to have the power, to enfinecs 
tftis policy on the whole world. Conscientious tesg 
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have been impressed more by the end than by the means 
adopted to gain that end : the prosperity of their “ Vatet- 

I conceive that the main purpose of the Institute of In- 
dustry and Commerce is to take counsel and evolve some 
means for combating this attack. Just as it is clear that 
peace cart never be declared until the chance or another 

■ Teutonic outburst is madetmpossible by the total disband* 
’ment of the German Army, so it must be evident that the 

* commercial system of Germany cannot be allowed to con- 
. Uiiue. it is probable that it is better to mate a beginning 

by an alliance of Science, Industry* and Commerce, such as 
the Institute contemplates ; but it will he necessary, if the 
".future German State is allowed to retain the power of 
triaging an industrial war, to combat it by the action 
f of the organised British nation, that is, by the 
-State/ Once that conquest , is achieved, however, we 
should do well to remember that commerce should be 
co-operative and not competitive; that it is to our in- 
terest not only that, we ourselves should prosper, but that 
others should also prosper ; that, indeed, our own pros* 

■ parity is bound up in the prosperity of our fellow- 

' creatures. >, 

, DETERMINATION OF PEROXIDE" IN 
COMMERCIAL LEAD OXIDE, 

£y u S. DEAN. 

rlfcnuTioK with potassium iodate has been suggested as a 
possible alternative for the Bunsen method by L. W. 
/ Andrews {jfwrn. Ani* Chm,Soc u 1903, xxiii., 793). Tbit 
method baa been found useful, especially for the deter- 
mipation c^sbaall percentages of peroxide, and in the pro* 

* eence of organic matter. method consists in decom* 

4m peroxide by hydfoObtoric a^d in the presence of 
^potassium iodide, using chloroforto or carbon tetrachloride 
Y indicator, and titrating back the excess of potassium 
! Iodide with potassium iodate. The iodate may be made 
1 accurately by weighing out the pure spit, and the 
f Sffeffe rd, Iodide is titrated against the iodate. The 
t^eguatipne thrived arei— 

i'"' ^" 4 *CI^KI 03 +«HC 1 :cp£!r 6KCI + 6Tpl i 6 H* 0 , ’ 

" 4kr+cEbo,/bKi03-f.i4Hci : .3; / :■ 

K-/;; V. ,aPbCia4jXCl 4 :5^?HaO. 

Hence, MM# • KIQj. ... ' — ' f ^ 

; /■ ’A comparison ofitho results obtainable with this method 
and. tfeobe vphtafcti&fb ' With the Bunsen method is given 


Iodate method {per |t*9$ ,3200 3*10 5*14 10*50 

' Bunsen-ma^^^ , 5* ao *0-56. 

/ As shown ^bove the method is as accurate as the 
Buhsetf method, and presents many advantages, via, 

1. It requirea nb-special apparat us. ^ 

2, -■ It can be used tn the presence of organic matter. 

, 3, It is not nectary s to dissolve all the oxide taken, 

, since the indicator is not interfered With by solid material ; 
this is of the greatest, advantage' ^ analysing litharge as 
lai^e samples may be taken./ , 1 , 

Laboritory of the MiMOuri School of Mines. ■* 1 


the fruit of clintonia borealis . 

By HORACE A. SLIPPY, 

The fruit was gathered at Sylvan Beach, New York, 
August t— 4, 1913, It seemed fully ripe, as many of the 
berries had dropped from the stem. From, one to seven 
berries grew upon each stalk. They were of oval shape, 
deep indigo blue in colour, and the average weight of 
each when dried was 0*0858 grm. The fresh fruit has a 
very hitter taste. It shrinks in drying to about one-fourth 


of its original size and weight. Each berry contains from 
15 to 20 small bard seeds. 

The plant is called the Clintonia, after Governor De 
Witt Clinton, who built the Erie Canal and made several 
other improvements in New York State during his term of 
office. 

Tk* 4 * 4 * . 

Six different portions of the berries, uifirtg about 3 gvms. 
each time, were ashed in a platinum evaporating dish. 
From the first portion silica, iron, alumina, calcium, and 
magnesia were determined j from the second sodium and 
potassium, by a modification of tbe J, Lawrence Smith 
method ; from the third the sulphates ; from the fourth 
the phosphates ; and manganese from the fifth. When 
burned the odour at first reminded one of scorched - 
pumpkin, and finally of burning corn. The results of the 
analysis were as follows : — 4 

Par cent of aife. 
0*81 


810 a 

AlaOs 

cio° 

Na a O 
SO3 
Pad, 
Mnd 
Or., ■» 
Cl •; 


Total 


2*29 

a*8« 

«« K 

19*20 

17*66 

5*85 

* 5-73 

0*26 

. umtm- 

ri& 

98-66 


There wh « email quentlty of CO, which wee not! 
determined. The wh mif&j per eeot of the dried fruit*? 

ProMtu ' ./ , ’ ,',X 

We were not *ble to detent the pretence of albumen bf'J 
tKe'iifleitty twi», \ wjjetrtiia’ btttlw we,* heated' In 
dry Uftt-tebe nptM *a»tnl,l.iof oil condenwd cn th*: 
•ideeef the imh W%?heattd-in a far tube with Mh> 
linie .the ftmMglWn eff incted etltilmb t*-H»mvn, and; 

«in«a by the &J,fe»b.,3u^ hew' 

**05 pef mt of the dried ifwfe *■>'*' *., •. • *,5 - 

Tk* Sugars* 

We placed 400 grms, of the dried fruit in a litre flask 3 
connected with an inverted condenser. It was treated/! 
with 9*5 per cent alcohol until a test with Fehling’a solution!® 
Showed only a trace of sugar. The alcoholic extract left 
* dark thick, syrup when distilled. After standing some 
time the odopr.of the extract resembled that of old cider* 
showing .that alcoholic, fermentation bad taken place." 
The last traces of sugar were extracted with water instead! 
of alcohol. The water made them soft and mushy 
whereas they were hardened by the alcohol. The wailL , 
extraction was of a dark colour, and the work was - eba*! 
tinued until the sugar was all removed, : ,, / j 

The two sugar solutions were treated with FehlihgVL 
solution of standard strength. We found 4*15 per cent Of /s 
sugar in the water solution and 9*05 per cent in tbe / / 
alcoboKc extract, a total of 13*20 per cent of sugar in the If 
dried fruit. The water extract contained a gum-like sub*’ 
stance which alcohol would precipitate. We obtained i}} { 
grms. of this material. The osazone, obtained by ’the u*e^& 
of phenylhydrazine and sodium acetate, indicated 
presence 0 i glucose and fructose. Before making the t*it< \ 
the sugar solution was purified by the use of bane-black^ : $ 

" Acids* llIT/! >*P 

The acid tests were made from the sugar extract# : ditri| / ^ 
and tartaric acids were present in small amounts, as weu ^ 
as acetic resulting from the fermentation of tbe sugar. 1 y| 
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, Tht Oils. 

The residue from the sugar extraction when dried 
Weighed 241 grins., and this was used for the extraction of 
the oils.; was ground. very fine, placed in a litre dash 
fitted v^pjlh.wverted condenser, and treated with ether. 
The process :' was continued for about eighteen weeks 
wfthout bmnjfable t0 m 4k e the extraction complete. . At 
fi$st the ,iil was of a beautiful deep green colour, duet to 
the presence of chlorophyll. It was purified by treating a 
solution in ether with hone-blacky when it appeared as a 
beautiful clear light yellow oil, like a wee t. Oil, with 
a sweetteh taste. Its specific gravity > was 

0 897. This is low for a vegetable oiir but not far 
from the specific gravity ofaphrm $$ £pttlenase oil. 

.fit of sperm oil and bottlenose 

i} |S^'f^wff!b#t.fa saponify, which was effected 

only after lOug-contfnuod heating. 

We regret that, owing to lack of time, we were not able 
to repeat this experiment. Although we did not succeed 
in extracting all the oil* we obtained 16*89 grin's*, or 4*22 
per cent of the dried fruit. 

t I desire to express my thanks to Dr. N, Knight for bis 
advice and assistance in this work. 

Cornell College, November 6, 19x4. 


r okt Iron pasting; ; v 
'■ me® jus a, 

For several years f^Jsave readwitbgreat 
papers in English technical literatinre conhethlhg 
use of steel in the form Bhoarfngs fid#' plates, angles, 
&0.; pr rpnners fromstefel caatingSrs* ah addition to the 
capOt*' ^hargev rn order to obtain, strong dose 

ironeasfcmgs with hfgir tensile and fracture tests; 

Affer several ybara of practical experience I, faifoldthat, 
the above method is the most reliable as oomparedwith 
tho use of a certain percentage of White irons fothe cupola 
pj-fot obtaining castings to stand hydraulic or steam, 

rO to give an example of my modus operand* At 
1,5 ImSk Wgdrops of the following percentage 

tftfc £ iia-ji; L : iid 



Manganese .. . 

Silicon (average). 

Phosphorus . . . 

Sulphur.., .. . 

■ I melt in a crucible a test charge tp contain about 2*15 
of silicon, 3K50 of total carbon, ,0*70 combined carbon, ard 
o*$6 rt*aAgto»ese '(per cent), wkh sted shearings. In my 
instance I took for the crucible charge 1 >v:.. 

, : 11 - V J ^ * 1 vFercent.^.'' ,■ \ 

Soutb Russia pig-iron .» *• '?* 70 / 

Qural pig-iron /**■ **v~ 30. 

*■- - ’v ■ - , , * ; - / ' — ^T'-fOO' , 

; ' 1 ' - $teely #n too pet cent v ro 

'it S%past^ ^ipedmpnailave i2 9 $0> *2-00 tons per square 
tucb4osiid9tren^ i arid^6. to 1*7 tons fpf fracture. The 
mm& 4k the first *e|ts wqre a inches Jong and tbree- 
dipmeter, And for tffo second xa x x *x inches, 
satped with suth^pHs, I make charges for our 
L ^-tcdusistlhg of To per cent of Bqrtth Rtissia pig-iron, 
of. uUral pig-iron, and 15 to X 4 # 5 PU* cent of 

*11*30 to 12*60 tpns^iehsile^etfongth 
s ( . tqns for fracture tests. The castings 
"gained; apdgivegdodhydrauUc tests^ 



BRITAIN AND GERMANY IN RELATION TO 
THE CHEMICAL TRADE,* 

By WILLIAM REGINALD ORMANDY, D.fic, F.C.S. 

The subject which, we have to discuss to-night is not by 
arty means a new one. The fact that Germany - has 
■ sfowly but surely been gaining control of the greater, part 
of .the chemical industries of the world has been brought 
home to this country times innumerable during the last 
forty years. It is true that this control has not extended . 
to the manufacture of what are known as heavy chemicals, 
wbrife questions as to , the cost of raw materials, 
fuel, and freight are of deciding importance. The present 
unhappy state of Europe, causing a shortage of many 
drugs and chemicals, has brought this control home in an 
unmistakable Way to the public, who have been made to 
realise what the manufacturers have known and ignored 
for at least a generation. Needless to say, there baVc 
been many meetings to discuss the situation by those mere, 
or less directly Affected* , The Society of Chemical in- 
dustry, both at their headquarters in London, and at 
several branches, have dealt with the matter, and Dr* 
Mollwg Perkin has recently reed a most interesting paper 
on the *• British Artificial Colour Industry” before the 
Society of British Dyers and Colourists. I labour, there-' 
fore, to a certain extent, under disadvantages, particularly 
as this manuscript had to go to press before I had an bp-: 
LporturtHy of learpirtgtbeparticolar aspect of this im- 

WPfl&by SteWfiipEb Tpdn. Frpm a Conversation with ' Sir 

gatber' that there was 
bbbpd tp be a certainamourtt of overlapping, but the 
generaL fe^fagtPemed to be that the subject was of 
Sufficient importance to justify a little redundancy, which, 
at the worst,; would only serve to emphasise the need jfor 
action. Needless ta say, numerous committees have been 
formed by all sorts Of societies and groups of people more 
0* leas' directly interested. To the Ipy mjtadt such com- , 
mitteps are Wanes wbefe people %Q tb rpotte speeches, and 
they naively assumethat the speeches me useful and have 
a wpo 4 d*UThl 8 t is quite a usual conception "of a'com- 
^ ^w eomfoUtee men share tin 
euqh.M those throng, which we are Iiymgt ^ 

[y dJfficult to consldet such questipna ap j , 

)<rtfcfy, wh|pb hdsdone 
^ sciertce and industry, 

„ T 4 could m bffered by peOple 

^ ^ nationalities, we can at least endeavour. tO re- 

member that the matveUous and complicated straetbrbs 
of science atid Industry are international, that in their 
essence they know no country t that f^qy stand or should - 
stand as one indissoluble link binding, all humanity into 
one great whole. Attempts^ And l.|hmk foolish attempts^ 
have been made fo altacafo fo vatldus' countries ' 

vicqs which they bave'tertdised i ta this paiticular aspecref' 
the progress of humanify. „ It seems fo me 
pOfifemle, even if it bad any value, to attempt sb^iAltecsl 
tion. Fare science smd industry are so foterwovett ^n r .aC 
far as they make fot materiai progress that tney cahnot tie 
considered apart* . The> apparently unimportant Pufo? J 
scientific diecovery of^ v g^eAt K Cdmer- 

Sfone . of an \tmmf ^morrbw| ^ c ^ '%ho adapt" 
scientific diacoveriM ^to fndustriM mee are as entitled to 
honour and rewaM ,wb 8 e who made the original dis- 
covery. Just 4 tbb ‘'progress of pure science is largely, 
limited by the 7 paturd and accuracy of the Inatramepts 
availabfo, womdustrial progress is 1 . limited by the nlturd’df 
the. machinery available. , Those who discovered 
spectrodbope little thought Of the , enormous ***‘ 

vesrigatibn to be' opened up by it; thyse wafedf 
the possibility of making fire and apid rmssUnlj^ 
pure silica rendered possible manufactures w«P| ^ 

, ’ * Read" before tbe.Ro^d Surety bf Arti^fe 
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vessels bed hitherto prohibited. The immedi.te t venture*., English spinner# end weeveis were ttppJying 
1 1 — js* sw. ^iess/ttMmii is# rwew tytMonis I whole world with theft products, while loom and mule 

machinery makers were working day and night to supply 
these foreign purchasers with the machinery lor theft 


benefit derivable from the discovery of new means j 
ri industrial attack may far outweigh that from theoretical 
4M#%«ri«s which have coat infinitely rated of attainment* 
<1$ a recent meeting of the Society of Chemical Industry 
^"London* where some of the views pat forward were 
characterised as puerile in a chemical trade paper# one 
deafer referred to the futility of looking at tbejpast, as 
" ^ ;jwccse«t was decidedly a time for action* This is a 
, ^araeteristically „ British attitude. /The time, for taking 
i wfiteh Is **»$ $m wh^t ehe <4o»eet rogatd should 

vMfpidm *6 W^npgB «»d IsssWfa ol she put. The laws 
1% 'm&fkfiM -i-54pt Wiloh ate stuped so earnestly in 
epp&wMs nwV^ttiiaty: « the more 
^to|^raiai«» m human economic*. A study of the 
' Ktemttee 'of this country would be .more than 
•rppieitt fo convince anyone of the reckless ^manner in . 
widch the iftbcature isf pur own' country is neglected*' 
;JEWa being the case, it need hot surprise us to find that 
! the scientific and technical literature in foreign languages 
.seldom receives consideration* .•'■‘•v; *' , 

v/We will, then, presume to ignore the advice so ptofiered, 

.. god will take a rapid glance over the progwsas ^ iciOotifio 
and industrial development in Germany awift home* f t is 
probable that the laws relating to fibf in fiuence ofenviron- 
Xment^ which have- been pcoy^fo be fd#sp^tdnt In the 


infant industries which werr iu future years to compete 
with the home country for t$*ft jt^iaftd neutral markets, 
tor close upon xoo years tfte t)fi% »w#p. -cte favour. 
There was no necessity to .practiBe mxm had 

been lavish with our raw materials# out Ihmgjmttkxn 
and the proximity of our manufacturing, $l| 

sea-board gave us natural advantages wrath# atufM W '* 


sea-board gave us natural advantage* which, afei ‘to % 
favourable situation in international relational' rendered 
the growth of our material suoceee inevitable. • To the 
thinking mind# it was obvious that such a concatenation of 
favourable circumstances could not continue indefinitely* 
We provided other countries, at great profit to ourselveit 
with all the means necessary for competing with us in 
those markets in which we had hitherto enjoyed a prac- 
tical monopoly* , Our own works were frequently equippl 


! m 





of those who realised flat’U „ 
powers to the utmost If they were te _ 
the barter of the great international bn* ear, , The #i 
industry of to day is in the position of a son inheriting ah 
established business, and having in addition a very large 
income derived from the labours of past generations. Pro* 
party used* such a situation, should make for enhanced 
prosperity } but even such powerful advantages may be 
fc to work aloi 

successful in our grandfathers 1 days are continued too 
long. Capital directed by ignorance and apathy cannot 
hope to compete for ever against the forces which are 
brought to bear to-day* 

, The industrial life ofOermahy may he said to have com- 
tpbnced little more than a generation ago# To all intents 
tod purposes an inland country#' with little sea-board, they 


m 


* hug. dliadventsga In every department 
At tew materials obfalhed from abroad. In 
aisthslr natural issoaretswere oompamtivel? 


many dlrrottoiftielrnatatal rsaouresi wets competitively 
ooorv Thhv rhea no iron ores Which were cotamiftbsti 
wSh th^fteiitMtCe oar Cumberland, tfejslr liih5S®S 
largely dolomltte. theft doaiiwere for tire most pm pm: 
in qualify, and Jay* \n.4MptM seawsr^rtaike 

those of opr Bristol coalfield* rtban the chmparativety 


those fcf pur Bristol collfftjd* “than 'tb* comparativsty 
ehtity-worked depositsin out dtethern Urea* It Was 
recognised at an tarry period' in their industrial develop- 
ment that national progress in a country situated as was 
their own could not he left entirely to individualistic 




jaittafficrattti wemtobt 

Einsa 





X- V * -grt? 

iii ' ^ ^ 1 

A%AA*d-i 


Wtimrl 




m hoick delivery would compemto f of 
The products of our boiler yards were famed 
TObujJfaout the world, and incredible profit* were made by 
flJWk whose. successors have, found the competition of 
more than they could support* This was, of 
tp welaet that 4n the days of prosperity the 
to She last penny, the machinery was 
anteves to.get^mrbtdEete, and the working people refused 
ab^Jfingtt to pley. part, assigned to them by the 
mafihihetixtef in m» pr^M-mikiug schemes. Dr., hlollwo 
Ttekfo hh* probably given tije correct explanation for this 
pr&no’incetif tendency of Brititii manufacturers to starve 
hhtl rn& their own business. The rapid industrial de- 
veisfiphtfrit of foreign countries called for enormous capital 
Bft rt$Wkys, shipping, docks, and harbours, and the 
speatagnp of rninmg and agricultural properties, and it 
wasftnfhata bettet return could be obtained from such 







H living that settled the enormously Important question 
of transport, Germany had to consider the lines along 
which she »bould seek for an expression of her Industrial 
destiny. Agriculture, there as here, the largest individual 
industry, received attention which Is as striking as is the 
lack of ft In wit country. Proper afforestation 
sesames' were rendered compulsory; enormous areas of 
land fit for little else were put under potato cultivation, 
and sctenca wee called in to help to create a new outlet 
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chemical indqStry. It was in Germany that the "prelimi- 
nary treatment of Iriw-grade coal to render itfifcted forthe 
manufacture of a suitable, blast furnace coke had itahrigm ■ ; 
arid development, and only In the last few years have oqr, 
colliery companies recognised the value of adequate 
sorting and washing planiiftoonnectiori with their output. - 
The history of the growth of the phosphatlc manure 
trade was a striking-lesson in German adaptability, bntthe - 
time at oat disposal win only permit of attention ‘being 
celled to its ' ■ “ 'K# * 1 * t 

In the whole history of human development, perhaps no 
trade has varied less in its methods than that of the potter* i. 
and so long as this manufacture depended primarily oft the " 
proper Utilisation of raw materials as found *ia Nature and 
great personal skill on the pqrt 6f thd work-people, so lpri| < 
did this Co Wtry coilb^l IfceiridufcffJ', ; Favoured to ah rife 
ttaordinary degree hy Natrirein the provision Of the riec*% *. 
mf raw materials, out work-people ^developed an alp^st 
unnatural skill for , the prhiuctlcn^f beautiful objects* 
under the most adverse Conditions arid with the -trim 1 
primitive mechanical *Thd discovery of itii pc® : 
bility of casting complex forms and the growth Of the 
electric industry with fts gfeat 'dwnjwd for porcelains fcl 


large areas were used for the cultivation of the b$et, arid 
once again science was called in to asfeisf hi the disposal 
of the tools as raw materials fpfthe prediction of .sugar. 
If the manufacturing of Iron had to become a great in- 
dustry It was necessary #4vrnoir,sm>nhmic methods for 


pe*)rion , uiuiif ocaoreioe war* u coma d$ 
demand for ■ .electrical po««aaih^waa 















BHtmn and Ger many in Relation to the Chemical Tr*4*. 

.w nf indagtfieB in this country. I have not it in contldcobla damtnd, ot which mliht bwomc t large 
*at amr berioor»tteihpt ha* been made to tho much article of manufacture « the price were eufficienlly tew. 
SuTendTdiScowring why the Qsrman* should If the manufacture ii m MMaHmU* 

i w Zutd be able to gefr euch a foothold in this capital tb. invent* would probably go to one of the !a>g* 
5*n^ 'W eomb few Instances I, could supply an banke. the German Uni* permaoewly ietate Jhe ear- 
aSwer f loth my own experience. We have already seen vices of some of the leadlng Mtlbptfrtef * wtei JMtge 
hi# the German Government feting science; and agri- of subjects and the mvenfo* would b» 

work together In-affowstatToo, and the oultlv*. case before the particular expert la ohaigs of bie dapart- ■ 
ikSd UtiUeatlon ol pt^toas sfcd beetroots, fat through- ment. If the. report were of a ewttclewly . »a>t*i**to ,y . 
ot^'toeGetmaxi national hisiory the government halm nature on the eolenuflC,eidei the lank would jMMetf to 
tehoanised' tftetr as ■ a’ peopter - they <. ate- ta> evergrowing mske their own inqukiee, through the many ebamuit open 
ffifed wreed" to ^VeiWMOdWfft .and that modem in- to them, as to the ptobabte outlet for the new praduot. 

^ aj^and-te-hand^WpeiatiQn of science If the outlook were in all reepecte wffictently eetlefaotory, ■ 
■his'caiintry Is dependent, upon industrial, they would advanoa the necessary eapital at a reasonable 
ith very existence in a higher degtee’then tateof intereet, making certain stipulations such as that the 
Vet so' far as governmental assistance or business ehould be carried through their bank; that payment , 
'rned the principal occupation of the British for the finished products should be made thtoagh the 
i the signing of dividend coupons. The back ; that no contract for the sale of the finished product 
ntaent is Incomparably poorer than o#r . 


Kltr iUE V«5*y BAIBSOWUU »** "t - 

and Vet so far as governmental assistance or 

^ _ ■ ’ 1 - 1 XiiWivnatiAn trh* RriticK 


PCOOIC lUlgUJ. OW OtgSUtiS ys 

German Governimerft is incomparably poorer than oar 
o^rt/ind yet the financial assistance which they sendertO> 
technical education is immeasurably greater* Tho JfWp* 
;4ard of general education is undoubtedly highejr^ng^^ 
consequence of the temptation pmtm *" 
’oihe*ye£i s t- service system in ‘.the. arm'" 

1 fd a ^ettain high sfindStd 
\'4m standard of : 




Me extsnionan exp mftp 
9 iAi ~\ Q^rtnau IwunkadO^M 



mm 


uqmwmmMm 

g%eatja8till hlgWa 
: 4 man, who ms WorW 


‘ ^ptojdeige, is wprth fu MM Um 
,/;#m te a private capacity., .If, ; 


pujttrf r*qufce»to 


- c -make use of ingredients such ?e» *ihofe$ and Mfeer; which 
J a<dUnder excise cootrdi, the. government wilf go to the, 
greatest trouble to arrange matters in such wise that no 
j needless restraint is imposed* That the staff of a govern- 
fVmSMt department should interpret a government order in 
H an utfduly restrictive sense, so that an industry might 
' w> hampered, is there inconceivable* Only in 

■Great Silt#*" and Turkey ate government restrictions 
ajfowed to be interpreted a$ the will of the permanent 
officiate. ' I do not ter ©fee; ® ament wish, to imply, that I 
/, 'oohitdes th# the questi&t$iDd^ fenebeen^f 

' thh iniii^dt Sven of'serious import, compared with others, 
in our neglect of the fine chemical industries*, t quote, it 
rather as an example of the contemptuous attitude which, 
our government has hitherto adopted towards matters in- 
dustrial. In certain branches of the chemical trade it Is 
. essential to have the cbeooically-pure alcohols and; ethers, 
r but the would-be manufacturer is fold, by the Government, 
in effect, that he la not to be a judge of whit is necessary, 
but that, the question will be settled by some heaven-sent 
genius In their permanent employ who, like the journalist 
on a. halfpenny paper, knows more about the subject than 
the man who has made it a life’s work* 

A feature of the German industries is their willingness 
and ability to work in co-operation, as is shown in many 
ways which are no doubt familiar to most of you, but with 
which we have not time tp deal. With all the help which 
a favourably-inclined government , could render, the 
German industries would have been unable to approach 
their present standard of efficiency had it not been for the 
remarkable co-operation which takes place between science 
and capital. This can perhaps be best illustrated by 
. means of some concrete examples. - Let us suppose that 
some chemist in Germany has discovered a new and 
cheaper method for making some chemical product which 




work*, She commius«. (5 expett#,may say that whathfas 
been putbefbretbem itarmwlayention ; that It seems to 
optyMp -possibilities that by Its help certain great Indus* 
tries of world-wide importance, at present carried on by 
slow and expensive means, may be entirely revolutionised, 
and that which took days may be done in minutes, or that 
which employed expensive materials may eventually be 
done by employing cheap residual products. They mey 

a d |g ^^. ^ 

^tna^^WhltS w«ty g^eaire^ 

turns for thebe outlay* *The writer knows of a very apposite 
case* where a company has been formed, with a capital of 
nearly half a millon sterling, to develop certain inventions 


cally the whole of this money has been provided by private 
and other banks, who realise that quite a number of years 
may elapse before an adequate return is gained, but they 
also realise that, so far as human skill and knowledge een 
foresee, a few years will place them in a position to con- 
trol several of the worlds greatest industries, in which 
case their return will be of a very high Order* v . 

Again, nothing is more startling to the Engiisbrniftt then * 
the ease with which one cm* gain admission to these 4h r 
command of the great industries. . The director* of the 
German companies, for the most part, and the managing 
director invariably, are.men of high technical skill in the 
business they control. The idea of putting a stockbroker 
or a retired army colonel at the head of a scientific indus- 
trial concern would be regarded as an act of madness. 
Not only are German businesses run by men who under- 
fctand them, but these industrial leaders have always time 



? Jr*’ [ Britain and Germany in Relation 'to the Chemical Trade; 


to give adequate consideration to any new proposal which 
is brought before them, it would be the exception rather 


would be almost an Impossibility for an unknown outsider 
to obtain admission to such directors, and even if the un- 
known inventor succeeded in getting within the veil which 
hides the holy of holies, it would probably be to find mat the 
master-mind bad to many appointments that ha never by- 


any chance had time enough to consider any proposal 
thoroughly. The heads of a German oonoernlmveM^ys 
time to look thoroughly into anything which Interests 
them ; they are sufficiently technioai to realise the neces- 
sity for going into details, a works’, mmerienC* bavins 


eity for going into details, a works? experience having 
taught them that it is on detajlrmt***#; processes come 
to grief. In spite of their , iateBCetuai and commercial 
attainments, however, these director* are, in some 
respect*, both modest and unassuming, They still think 
that success Can be. purchased only at the cost of 
labour $ they are content to work from 8.30 to 6.30, with 
two hours’ pages in the middle of the day, and they work 
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weed-destroyers. He would discover, if be ever got a 
hearing that the larger chemical works, cognisant of -the 
mental attitude the financial classes in their own 
country, would either refuse id put forward the necessary 
capital orwould offer to undertake the manufactures on 
utmdy impossible terms. Every where he would maketfie, 
to mm, astonishing discovery that no one realised the; 
ppssiwlitles of the industries which Jbe wished . todevelop. 
Dregs and photographic chemicals were sold In ounce * 
bottles. If he em&avooredtoprove that the, total trade In 
photographic developers was in the thousands of tons per 
ann^na he would be met by polite incredulity, Eventually s 
we may suppose that our hero decides to test his* fortunes 
In that great hup of cash, intellect, and roguery-«Lo“ndbn. 

Guided by past experience he* wourd probably manufacture * 

a few of the products under the observing eye of the finest 

..... 




vrwa 

would obtain from menr of standing the" offer of ^optra&l 
for tons of^te'dnbMajg he- proposed to manufacture 
showing very >fW*: >*femnger to the city* the 

odds are a hundred wohe that ha would fall intbfhe grasp 
^ * promoter, ' 


of a^me plausible tout of 














|Casino«,Nw* 
I 191 s 


st.e-OM; to# ^cession warrant it, they can ittue 


, or out new classes of shares 
... whhre they can, in e£fe?t } render 4 

^ ftti»esihle fcr 'any serione proportion of toe 
i to wafcder in ttndefiirAwi -emotions* Should the 
sor have-the temerity to suggest that such terms 
l^h^rd if af “ ,:wJ ** ] an n M »inne .tef.fr.fc 

", td live " 


:ied inventions which 
liough development period where 

l¥F7 _j ;aT?t,aotH^ y ^CQurse would he had to 

^4h#^dfv^h^H^The,00eap of commercial 
r^fool^tfa ^cadjppfta M gone com- 

tj®t, 'be given 

to 


A-ff , #•?#&*. the necessary knowledge, . 

■ Ijtlfctft fT the 'tmpp&v id. question failed 
jocjess was sripftfefatftf* baa, or whether, 
y t md*B d^elti it pbcisfced from that frequent 

E jopodera SmiUd companies-^water on the brainy 

.tJ *yate| in the shares* In my opinion the ~ v 
by law, With its attendant train of parastt 

is more responsible , than , anything else. 

* “ J&ieniic industries to advance in tbcM.^.-^ - 
0 gm ae^uainted vrith the meo , Who -w son«i- 
)Cto # ^he greater Is my rescwtfor the workers 

i'ihVf 

J-h 


hfisto a-powirful 
ihg.been obvious 
energy to endeavour ttrget 
.. r .^ered by English manufaq- 
Itg^jt , proved possible to do 



these to take up new methods Which 
agress of the industry in question. If 
Ift-iyW method for increasing the yield 
. Substance which is 

frtrf other inter- 

aastejsfli?:. 



anything. Having, through his own sloth and apathy, 
through his unwillingness to look ahead, through the 
inability born of ignorance to appreciate the right use of 
science, fallen behind in the race, he now desses protec- 
tion. He would persuade the British people that repre- 
sentative government means government of the people, by 
the people, for the benefit of the-^mgna|tff^er* >; He is a 
veritable dog in the manger- * He UP new 

processes or to apply new methods, and, i. 
when others, with Reuter: enterprise; seiael. . , 

If the greatest war, ij the greatest opportunity .. 
will ever know will not move him, to action, l am „ r 
conceited as to imagine that any dialectic weapon which * 
can wield Will be sharp enough to penetrate his hide-bound 
self-complacency, still less the triple brass of his imagined 
self-fatdrert. 

ANP. COMPANY LAW. _ 

Cfa, 19 r 4 , at thfcir offices hit Aldwycfi 
purpose of considering the best means of approatmw the 
various Dominion Governments With a view to abolishing 
the payment of Licence Tiptes payable hy British commer- 
cial travellers in the Dominions and Colonies, andalsO for 
the purpose 6 f considering the beat means -of bringing 
about the standardisation of Company Law throughout 
Great Britain, the Dominions, ana Colonies, in order to 
facilitate commerce within the Empire. After carefully 
considering the proposals, the Council decided that a 
Memorandum should he drawn up by the Institute after 
consulting with the leading specialised trade organisations, 
and that this memorandum be submitted to die Agents 
General of the Dominions and Colonies fat submission to 
^m^speotlve GovermdentSM V-- * ■ ■ - 1 , 

*mHi if* gratifying to learn that both suggestions were 
sympathetically coesidered and that everything possible 
Will be demo to straighten, out any inequality that may be 
prevalent In Company I-aw add With regard m Lfoafcie 
■ : Tage» payable by British commercial travellers traveling 
In the Dominions. \ 1 ’ 

\Sbotfl4 the Committee be successful in accomplishing 
the objectives aimed at-^and it looks as if it will be 
p 08 sible«-it will have performed a very considerable ter? 
vice for the industry and commerce of the country. 

The policy of the Institute of Industry and Commerce 
is to develop a set of satisfactory working conditions 
within the Empire in which industry can operate, and if 


f tajg haveoo^^r sud^p^oduct, 


bale If^toi^^s^^l^dks Snlhis 


'■^haeeSL^j 


iWith t^f object Of 


Was likened in this room to a burglar, and this because he 
visits our manufacturers in the middle of the day and finds 
them asleep. Modern commerce is Warfare, and the 
' weapons employed are— inventions, tireless industry, skill, 
ahd capital. ^ We make the mistake of putting the last 
w TltOfse who do research and make inventions, 
whether In chemistry, engineering, or any other branch, 
are me yeastawmeb leaven the whole mass, but id this 
: country we do not allow those conditions of warmth which 
permrtthe yeast to work. . Gold in itself is not nearly so 
valuable a metal as iron, and we are slowly but surely 
finding out that capita! itself fs an over-valued possession 
. *f if be not used for the benefit of the industries arid con- 
sequomly of the nation as a whole. Out men at the front 
■ In defence of British honour and British security are risking 
’ toto lives, but toe English capitalist lias no desire to risk 


this is aeeei 


actorily a considerable tocreaw 



■ t ■ •. . ; CONCERNING GAS’ : BLAMES.* - ! , ; v! * 

Flame is a very interesting phenomenon when studied 
scientifically. There are many varieties of flame ; to 
begin with, those that are smoky and those which are 
not. Our coal fires give out a terribly smoky flame, and 
thus waste a great deal of the fuel. Ah old-fashioned 
fish tail gas burner does not smoke visibly, but the state of 
any white ceiling above such a flame shows plainly that it 
does smoke in reality. It cannot help help doing so, be- 
cause itB luminosity is due to the white-hot particles of 
carbon suspended in the flame, and these have hot all got 
time, so to speak, to combine with , the oxygen of the air 
and get converted |nto carbonic acid. Hold a cold white 
plate above the gas flame, and It is blackened at once by 
the carbon particles escaping combustion. The Bunsen 

- ~~ ii ■■ -r - - - • • •• i [ • | ' 

* From the Pioneer of India* Nov. 4. Written by* Member 
of the Roy*l Institution), . 
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Gas Flakes, 


! ■!»■» i i t » ■ ■ . .) ■ ] . Km /- 

burners used exttevtf^y fa *11 chemie&i laboratories get 

over ibis treuw lyl&owfag air to mix with gas just before 
it ft ighlted^i jiTte ^>mbQ8t|on of the gaa is t hoi rendbred 
ipere Wm thatmsfcmit isnottriummous. There : 

* y b#particlea floating fir it, to get hotand 

tit is al|' the hotter for: that, because in 1 

bing properly burned they contribute to the 
•Mhi^'the'aitne, , * This is all very elementary cbetejfjftyi 
' U$t it must he home in mind, if we ate to iondei«tai(|[4?^^ 
development connected, with the subj act ' of fianjfe' which 

may have a very important bearing on the-n^df gbs, not. 

merely 1 for lighting up rooms, hut for hag?# trnpofmit in- 1 

- duatrial operations. , V ; * ’ '• ' J 

, -TbrfcMf j^vjfopfa^t •% ^gigg^^ j 

** ” " ~ ' ‘ jr A« C. 

J better than I 
possible to 1 mix 1 
... r ^ it quantity ©fair 
,Iri this Way the mixture is, of 

, ^ T T „ , _ /highest possible degree, One 

*cahncjf seV'aV*/ glance why such a mixture, supplied 
through jdpet, should not explode back through the pipes 
and blow up any community rash enough to use it, But 1 
before going on to explain how this contingency is averted, 

' let me deal with certain interesting features of the arrange- 
ments, accepting for the moment that the explosion difficulty 
ft circumvented. / 

, , The mixture combines within itself both the: combustible 
and the supporter of combustion, ft will burnon indefi- 
nitely in a closed vessel, not even incommoded by its own 
products of combustion* X have seen this proved (art the 
-inventor’s laboratory) by an extremely v pretty device, A 
transparent tube,, looking like an ordinary glasp test- 
-tube, but really made of the all-but infusible silica,; uoty so 
■- great a blessing to the chemist, is held Up inweited; In "a 

- frame. A fine silica tube carrying theself-*upi^tfng mix- 
ture ft lighted and put up inside the inverted tube, which, of 
course, ft closed at the top. The minute colourless flame 

half an inch of the top, and then, as the 
/whole anlngement gets hot, apparently goes out. /But 
one sees by the intensity of the heat maintained that it has 
not really gone out ft has simply subsided into theconditftn 
of perfect combustion, which does not express itself in a 
flame at alb Perfect combustion, in fact,. ft an invisible 
’ moeest, or one that only betrays itself by generating 
■ at wbfth has the usual effect on bodies in the 
i visible enough h 
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vide for the safety of a system that at the .first glance ; 
seems equivalent to a proposal to use gunpowder as a new , 
kind of fuel for fire grates* The rate at which . explosion 
waves travel through pipes has been long under inveatiga- 
'tion, and a pressure thatisnot'at all excessive for gas ■ 
lighting purposes would exceed the rate at which explosion/ 
waves start. • But pressure may vary. It whs obvious that 
the n«W system could hot; rely on pressure alone,, Eftbd* " 
rate experiment has shown that there is a Way of baffling / 
the explosion wave. If just behind the burner, the flow of * 
the explosive gases is , interrupted by a flat disc of small" 
diameter, round the edges of which the gas has to paw,; 
no explosion wave will ever get back beyond that obstruct 1 
tion. The aggregate sectional area of the crack round the ' J 
disc must he just equal to the sectional area of the pipe „ 
conveying the gas, but that condition once established the . 
explosive gas may, It appears, be burned with perfect r 
safety, The disc need hot be very large. For a quarter* 
inch tube, conveying, enough gas mixture to heat up a 
mantle giving i6o candle-pow6t, a disc only only one and 
a-qoartet inch in ffiateeter ; is enough to baffle explosion. ' 
With a half-inch piper sudh & would-be required for/ * . 
gas fire in an ordinary route, the baffling disc wouklbe 
three inches in diameter. In the case of large gas furnaces c 
no such arrangements arc required, because the gas and 
air are only mixed just before the place of ignition* In 
order to keep the mixture just right a 'devise . ft eh^lcpd 
which could not be e^plained withont diagrams. ^ 

'lltAM* 1 m. I .J it 



, This flaw, which you cannot sec 1c a curiously fasci- 
nating spectacle— -to put the idea paradoxically— for any- 
one who appreciates its scientific significance. And the 
'* experiment with the silica tube is significant in another 
-way., That confined space must obviously become filled at 
‘ once with the products of the eombusrfom going on— GO, 
V'a’nd HsO. That does not Interfere at ail with the comfort 
'--at' the Invisible Same, and the products In question are 
; elm^y driven dewn a, fhey accumnlate; Perfect combi*- 
tion, in short, does not require a^ohhnney, only a drain 
nip* to cesry.dff the H*0. We stidb wholesale pteewtion 
hi requited when tigs naw Sslf-supporttog gas is simply used 
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their first meeting of the Session, desire to he £^socfaisa.>> 
With , the statements end opiniops ftst forth by derft" 
scholars pnd public, men In their manifesto published te ; 
The Times of Octoher/Xt, tpr*.” , ' /' $ 

. It was also announced that - a Research pcfte- oltSo ’ 
value of jfaoioi has been pissed by k Rbbtert' UgdieMs 
R.S., Paat-Fresident of the Iron and Stpel IcstUute,at 


:» - 

the dispo8alof theC 

by the Council ft t) 

m publications # tha ilnstifote oh 


, . , ,, pf:thatlns^te,^l^:aw£Ki«i 
lamto of the heeijpohhdbmfou to 
ft ilhstlfote m thOn#uadt M the 
— r erent Fo^ms^^tel^ttp|ft^<ftn»Oiih Iron/ 

i Steely and Alleys of’ If<te -vi^;o^»' : Sfomehtae n Com. 
petkfdn for tftlprift jis, ppef ^th metaUuigists, chemists, 
and ofoers ^htgwpfsoOdL; .m/mctaUurgy, and It is proposed that 
the prftw shaU W the AnnuaTOeueral 

.ofthe *sf»5» for the best paper psesentea 

. Irae«diug competitwra requested to commtmfthft^ln' 
hi$tfwEp with Uu 6; C. Uoyd, Becrtee^ Ifoh' 
he4|jgftd Institute, -aS* Victoria vStyeet^ vd>$n» 

^tfter information Jnarbe obuinedr { .■/ 

.^ Certificates were. fe#„ foe the fiist-hmh? da« favour; Of 

Oldhate* GbimiRiftc /Shho^i 


Pfogmsi e Bromination of fotuen 4. 


Queensland; . Harry Shulman, ai, Tredegar 
-,- att ai^ ^ Bow, E. / 

; oji^tKstifieate' has been authorised by the Council for pre- 
vMrtrtfe* ,« haWot, under By-law I. fej, in favour of Mr. 
~ n Hotted, Puket, Siam. 


^'tyf thb'following papers, those marked * were read : — 

' ^277. “Studies in tke Cantf>hane Series. Part XXXVI. 
mQMMlimindctimthor.”, By Martin Onslow Forster 

* prepared 

tfr^ifealme e&tbraamine to aqueous aminocamphor 
bfclortde, crystallises from petroleum in colourless 
siting 2143* and decomposing at 85° j it liberates 
from "potassium iodide, and regenerates, amino? 

, r with sodmmautpbite. The dry substance rapidly 

i binges into a honey-like mass, losing chlorine, and solo* 
in benzene or petroleum quickly deposit amino* 
-Camphor hydrochloride and contain the anhydride^ of j 
%ab0lauroniC‘ acid. In acetone ft also gives amino- 1 
^tapborhydrochlotide along with a compound, 
necking at 155^. , Ammonia converts it into iminOcampbor, 
va^anrime is- oxidised to a^abenzene* ; ^ ;i ^ ( ■ „ 

■ 1 ' r , ' 1 r *• 'i ' 1 ' \ 

ffV?:.* v/v,^ * r:;i . v 

suggested tfckfc earaphorylhy drazine might 
i'lf 1* obtainable either by treating chloro(or bromoj- 
'whh ; hydrazin^ k or by the action of dry ammonia 
^^©^'■fc^dbfefr^minocamphor^in anon-aqueous solvent. 

q ptssatfdfytf Pressures of Alkali Bicar bonates, 

1-1 1 " Vh "“ \j C&siumJHlydtogeu 


pressures of the 

A - k m;rnbidium# Khd cat^iutn have been dmermtned 
4 ; |he a£p«atusierme,rly employed fw sodium 
* carbonate (Trans* igix, xoix., 1359), and curves 
"bdea 1 drawn which accord. With * the formula : 
p*io’^/T* Tkt vainest of the constants are -For 


- ikofl^r 
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34*o ; for RbHCO*, 7x3, 
( __>Jf0r CsHCOs, a m 16*93 <>, h ^6300. From the 
»-«f constant b the following heats of dissociation 
' L-meiectiles of hydrogen carbonate are derived 
^^jcalsy i KbHCOi, 39,560 cals.} CaHC03, 

^.restk8 m t£e'&perfoc.nfs on the dissociation pres- 


jrteua$prsbow that not only 
r fcahs /increase with , 

/ate • jthai«'-«odi«in^4^v 4 ^ ^gen . 


> 'sH^b:bf;the‘ 3 dkak .. „ v 

; wwstabtirties 

WMFtfWfai io weight^ 

i '^A^mnWU widely separated, from the othifr tafree salts in 
: Tl^ furnishes another illustration of the fact 

. O the gf adatibn of properties of com-- 

, pounds of the alkali metals at the point of transition from 
tfee sfaort to the km^ periods in the, periodic classification 
'"itfihc etemfent».’;\ fy;" ? ; " v * ■' 

ayg. lt The Removed of Sulphur from Silver*” By 
CRELLVIt Colgravs Bissbtt* 

w The effect produced by adding varying percentages of 
'copper, and iron respectively to molten silver containing 
stiver sulphide in solution has been determined. 

. In the case of iron it was found that ferrous sulphide 
was formed, the whole of the silver in combination with 
sulphur being displaced by iron if sufficient for this purpose 
Whs added. Ferrous sulphide is insoluble in silver, 

Copper was found to behave differently. U was only 
when a considerable percentage of the copper had alloyed 
with the silver that the sulphide was removed completely 
from solution. „ Even under these conditions the sulphide 
layer still contained a fairly large percentage of silver. 

The results obtained by blowing a current of dry air 
through molten silver containing sulphur have also been 
determined. 


1 Chsm*iqal Naws, 

\ Jsu 1,1915 , 

280. “ Osmotic Pressure a/ Alcoholic Solutions,” By 
Tudor Williams Price, 

Measurements have been, made of the vapour pressure 
of. alcohol and of alcoholic . solutions of carbamide and 
nitrobenzene, of various concentrations, at ao°, 30°, 40°, 
50°, and do* by the ahshubbling method^ 

The densities were also deterimioed.. ■ ; v < 

The osmotic pressures were calculated frbds the lordftula * 


P-|aP» 


where — 

P • 


RT 


hfa * |r> 


m 


rr»i V- 1 


creslum by Biltz and Ddrfurt ( Ber iooj, xliil,, 53 
Ji — f Chem., xpofi, stWilh, ap7i 1 ., 07), 


ity with increasing atomic weight; thui cm 
ith the plmtinichlorides, alums, &c., of t 



osmotic pressure of the solution* 
coefficient of compressibility of the solvent. 

P - vapour pressure of the solvent; 
p } m vapour pressure of the solution. 

Vo « molecular volume of the solvent. 

281* “ The Poly sulphides of the Alkali Metals ■ Part II. 
The PolyWphidesM Potassium,” By Alexander Rule. 

Inh c^dnuitism JC J^vious.^ gwi polysulphldea 

^ a»lfc -0 ^ LlkrOMk -A n.MPSjbAMkudkW^k.U ' 1 ^ m. ^ 

I77) the authWhaei 

alcoholic solutions of pureanhydroua T |eh 
phide. With varying proportions of sulphur 
polysulphide product obtained was the pentasulphide, 
which was readily isolated in the pure state.: It is an 
brange-red crystalline compound, melting at about 220*. 

By determining the amount of hydrogen sulphide 
evolved by the action of varying amounts of sulphur on a 
constant amount of hydrosulphide throughput, it is also 
shown that the pentasulphide is the polysdlphide present 
in predominating amount in solution. 

Considering the results In general, and comparing them 
with those obtained fpr sodium, and for rubidium and 
“ xliii .,53 \ ZiiU 

the stability of 
hides appears r tp increase with increase 
»w atomic weight .of thevalkajl metal.. The highest 
folysplphide’, of Sodium if the tetraeulphide. The 
bepwisutphldp [pi potmium, iuhiditu3ci,;,a»d cisslum 

perfectiy" well defined^ and ash 

splubllity * ‘ ‘ ' “ ‘ 

line with 
metals. 

No indication of the formation of a hexasulpbide of 
potassium has been obtained in the course of the author** 
experiments, whereas Biltz and Dorfurt were able to show 
the existence of hexasulphides, both of rubidium and 
caesium. 

The possible influence of the alkali metal on the 
number of atoms of sulphur taken up to form the polysul- 
phids complexwas dismissed* 

'"aSal ' o ffU PrdgrmMTfrofflnatioh of Toluene •” (A 
Reply), ' By , Jhttvs Brrend Cohen and Pavitra 
Kumar Dutt. 

In the appendix to a paper on the bromination of toluene 
(Rec. Trav. Chim 19x4, xxxiii., 183) Prof. A. F. Hoileman 
has thrown doubt on the production of ftt'bromotoluene 
by the direct bromination of toluene which the authors 
i?ave observed (Trans,, 1914, cv M 504). Prof. Hoileman 
says t— ** II me semble que la preuve que MM, Cohen et 
Dutt ont donnde de sa presence n'est pas tout*&-falt 
rigoureuse. Car d*abord ces savants se sont placfes dans 
des circonstances ddfavorables pour la ddcouverte de 
petites quantity de Tisom^re mdta en faisant rdagic le 
brome et le tolubne moldcule par moldcule, ce qul cause la 
formation de produits bromds supdrieurs. Par oxydation 
ceux-cl donnent des acides dibromobenzolques qul aont 
trds difficiles a sdparer, aussi bien entre eux que des acides 
monobromobenzolques. Nonobstant que les savants 
nommds aient trouvd des points de fusion de I'Mher 
mdthylique et de i’acide, correspondent A pau prhs avee 
ceux des substances mdta pares, cette preuve nepent done 
6tre regardde comma decisive, surtout parce que nl 1'asssl 
de la mdlange, ni des analyses ont corroboxd ce idsultat* 49 
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Researches on i 


M/ 


Prof. Holleman’s criticism is to some extent justified, 
Although the boHing*pd(nt ojf the mixed bromotpluenes 
(180—190°) would obviously exclude the presence of 
dibromo-derivetives which boil at about 240°, 

In order s to meet this criticism the authors have (1) 
mixed thO^dmfcbeneoic acid (m. p. 5:57— 158°), obtained 
by the'dmdatibn of the bromotoluene by direct bromtna- 
tion,vHth i pure specimen prepared by brominating 
benzoic acid (m. p* 157*5— *5»*5r)V end? found that the 
mixture melted at 157—158° ; (a) made an analysis of the* 
acid with the following result \ , 4 v 

0*1232 gave o*x 160 AgBt ;. Br~ 40*06. CyH^diBr" re- 
quires Br*»39’8 per tent/ \ • ; , : v 

The above affords conclusive prbjrf tlal fhe substance in 
question is m-bromotohjpne/ *, ^ a ;**' ‘ ?, - 1 

283. ^^fex^r^Part VI. Pre- 
paration IMitHcOn Hexachloride, 

' andi& the Action of Chlorine 

" on no fir i mr PefPoitthok 1 , together with a Discussion on 
their Modi of Formation," By Geoffrey Martin. 

The author described a very cheap process of preparing 
the chlorides of silicon by the action of chlorine on 50 per 
cent ferrosilicon. He has investigated the most favour- 
able conditions for the action to take place, and described 
his apparatus, whereby he produced "more than 50 kilos, of 
silicon tetrachloride and 3 kilos, of disilicon bichloride 
% passingU5o feno^ Of 'chlorine pver about 50 kilos, of 

fc ■ '^^e^aplls^^ toOffW diltiljmg large hmoutti*\of 4 he 
rtdes Of silicon absence , ol atmospheric moisture 

dthlf^ceia thd ahihof piepared ko$m kilo*; ol the 
and costly ^i»il«»n bexa- . 

waf ■ 

™j[fted 180 gtms. of triaiUOoh octachJoridOrSfsCls,’ and 
Smaller quantities of higher chlorides., ;/ / ? ‘ ■ - 

Gattermann and Weinlig , 1894, xxvii., 19*3) 

attributed ihe formation of disilicon hexachloride in the 
chlorination of silicon to the fact that silicon tetrachloride 
reacted with silicon to produce the hexachloride, thus ; 

Si + 3S1CI4 « aSiaCle, Experiments were quoted , however , 

' to show that Gattermann and Weinlig were wrong in this, 
as at the low temperatures employed in the preparation of 
silicon tetrachloride the latter does not react with silicon 
to produce noticeable amounts of disilicon hexachloride. 

The only explanation that meets the facts of the case is 
the supposition that, in elementary silicon or in metallic 
■illcldes the silicon atom# are directly uiriwdlfl6balns, and ; 
that tbC first action of ehlbthwr.on stftcdn fat metallic 
filicides) is not immediately to break up these chains of 
silicon atoms, but that there are first produced complex 
chlorinated products still containing chains of silicon atoms 
directly united. These complex chlorides are then attacked 
by more chlorine, and decompose into simple chlorides, 
.silicon tetrachloride being thus not the first product of 
chlorination, but rather the final product. 

** Researches on Silicon Compounds* , fart VII; The 


Action of Ethyl Akoho^ on Disilicon Hexachloride." By 
Gbopfrby Martin, 

When ethyl alcohol acts on disilicon hexachloride the 
following nine substances are, theoretically, capable of 
being produced, none of which has hitherto been 
described 

S(Cls SiCl 3 , SiCla'OEt SiCl, SiCl*’OBt 

sjiCla'OEt JiCl(OEt)* dlCU’QEt il(OBt) 3 liCl(OEt) a 


Two forms. 


Two form*. 


Si( 0 Et )3 SiCl(OEt)a Si(0Et)j Sl(OEt) S ’ 

k :.sjfoi»*oEf iici(ost)* 

1. i • km mmn — *> «■* 

;***.-. , Two form*, 


SiCl(OEy, S8(0Et) s 
On. tom ., , 


The preparation and properties of a number of these 
substances were described. 1 They are all colourless olM 
decomposed by water with the production of explosive 
wbJte. hydroxy - compounds, which dissolve in alkalis 


evolving hydrogen, thus verifying - the • ■amhtfrV 
[Ber.) 19124 xly», 2097 * *9*3 r *Ivi.> 3^9) that te tho 

Qf attached pxygen atoms directly linked silicon 
are decomposed by alkalis, thus ■ 


aence 

atoms 


; ^sfc-ss^+H,o - ^si-6~si^ ; +^.; ; ' 

Each direct Si - Si linking thus corresponds with tfei 
evolution of one 'molecule of hydrogen. . . 

- T he curious circumstance was noted that gfeat cold is 
produced when alcohol acts on disilicon hexachloride, a 
vigorous action going on at the same time. Although the 
first equivalents pf chlorine -of the disilicon hexacblorfdj 
molecule are readily displaced by ethoxy-groups, yet ’ii 
was shown that as each successive chlorine atom 
removed .the displacement proceeds with greater r aiw 
diffidulty, so that the substances Si*C? a {OEt} 4 3^4 
SiGl[0Et)5 are scarcely acted 1 on" by ethyl alcohol, at thd 
ordinary temperature, * ’ 4 

285. « Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XI. The Co* 
ordination Of the Rotatory Powers (a) of Menthyl.Com 
pounds f (b) of the Ment hones, and (c) ot tkeBomeoU" By 
Josbfh Krnyon and Robert Howson PicxARn, 

One *> characteristic diagram * (compare, Armstrong Xhd 
.%»• 19 - 13 , iEAJ, bjxxvHi„ 388): Mrv«^ 
& Wtapry-pbwjM' fat different- mm 

lengths,, tibt ^nly : of f-mei)Aol, d-neomenthol. and thmt 
esters, but also of /-menthylamirie and" its simple derive* 
tlv^s.; Thic method Of plotting rotation values foils when 
impound contains two possible arid dissimilar Centres 
of dyritefo isomerism; such as, for example, the meriffiyl 
esters of the nitro- and o-iodc-benXoic acids arid ’ £ 
naphthylm^nthylcarbamide. , ^he^ rotatory powers, ‘few- 
ever* of tbe merithyl esters bf a number of monoiarid d^- 
mtrobensoic acids can all be co-ordinated on wither 
diagram^ which differs copeiderabiy from tftamvrjfiNr 
the simpler merithyl compourids* , 

The rotation of )-menthone and d4somcntbom can alsb 
be co-ordinated on a charrictOristid detain; whrst ifi 
skme method has been applied auccesafplfy to the rotator^ 
powers of hborrieol, d hob&Mfrzipp Ifcdap* 

2i^f a nd some , 

■ *****' •' Note). * By 04vrb HriNay 

The greater number of tbe investigations ity '$£*#»%% 
nection between rotatory power and coristimtion haveboSt 
carried out on esters. Pope and Winmjiff {Trri» W, 19^1 
ci M 2309) examined the derivatives of , tetrabyaroqainaidk?i 
and it was thought that asimilar examihition pf cirichpri 
arid its derivatives might produce useful results* 
preparation of the acyl derivatives ^proved, W 
exceedingly troublesome. In , several cakes, even , 
many modifications, of tbe. method of wmkinm priL 
uncrystallisable gums were obtained. Owing /to tbe prtes- 
Sure of other work this investigation hasJbeenvtefopbrwily 
stepped, but the following results are given «ls of fotqreat* 
The examinatrefri of the physical, expressions, for re- 
fractivity and optical rotatory power af .once. Abowa tba t 
there should subsist a ete connectjori between the two 
properties (see, for example; Wood’s " Physical Optics 
Optical rotatory power may be altered owing to a change 
in the degree of asymmetry of the molecule ; for .instance* 
it vanishes when themolecule becomes symmetrical, o^by 
such changeri lri tbe internal forces as affect bothS^tatory 
power and refractivity# for instance, the presenqe of^i!^ 
jugated double bonds. . Substitution may act in l^c>t|w^a*. 

and by a comparison of its effect — fc *— “ 

.might be possible to separate these two 


however, the only means sd deduemg j^yefractivity 
of a dissolved subaforipe^ .is -Trcm;/; the v^qe r : cf 
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.deduced on the assumption that the pro- 

b,‘£'- 'r.Ofi ’ " 

party is additive* In the present experiments the molecular 
solution-volumes are given, so that allowance can be 
made for changes in their value when considering 
the effect of ’ substitution on the molecular refractivity 
' M -■ »*-i 


changes in mass and intramolecular electrical force brought 
about within the molecule. This second type of change 
may be deducible on lines similar to those, used by 
FKirscheim in his applications of Thiele’s theory ol partial 
valencies, and has already been examined to some extent 
by Hilditch. 


T 


a . n* t* ' , 

Benzoylcinchonicine wasprepared by the usual Schotten- 
Baumann process.; '-It crystallise* m rosettes of small 
prisms melting at 65° (found, N= r 7' 00 1 CafiHafiOaNa re- 
quires N— 7*64 per cen i). . v , 

m - Nitrobenzoylcinchonicine forms colourless needles 
raeltingat 1x9° , , 

0*1507' J&ve 1 1*32 cc. N« at N.T.P*, N « 9*441 
/; 2 ,, : :^H^04^3 requires N«* 9*48 per cent. 

- p+Toluenesulphonylcinchonicine crystallises from alcohol 
m skew tetrahedra melting at 127°* These are Sparingly 
soluble in alcohol at 25 0 

1 0*1560 gave 8*b6 cc. N2 at N.T.P.; N ** ,6*5 5 
C26H28O3N2S requires N* 6;25 per cent. 

: 9 Fiery Icinchonkine was prepared from the base and 
picryl chloride. It crystallises from acetone in lustrous 
gplden scales,.. melting at 180 0 , and is very sparingly 
'soluble in most organic aolyentsfi.-p , . 

; 0-1117 gave ’ 12*76. cc* N2 at N-T .F . ; rVt m- 13*97 ; 
: , : r , requires N* 13*86 per cent. 

T'he solutions of the , above compounds were examined 
Ot 25°. We rotatory powers were measured In 2-dcm. 
tubes, the densities measured in pyknometers holding 
^about xp cc., and thc refractivities measured in a Zeiss 
total reflection refmctofcieter. 

In the following table ate collected the molecular 
weights, rotatory . powers, refractivitics, and solution 
voltrmes at 25° of the above substances : — 


1 ' ' ■ ’ Concen- 1 1 

' , ?/ • \ , tration, ,, M „ ,«a '-** 

Substance. grttw, M,W> |$Ud» 5. c.c. 4 * 

^ jwrtoocc. • " ^ 

■>;.> . , , So faint: Alcohol, 

Glnchoniciue , * .. 0*6240294 41387° *79 70 

\ > 2*8906 294 \ 135*8° 238 89 

Benzoylcinchonicine 0*9704 398 180-3° 329 112 

/ - 2*1028 398, 1707° 320 u6 

^-Toluenesulphonylv 

pinohonicitte 0*5124 448 17*4° 3x0 *36 


NOTICES OF Books. 

The Raw Materials for the Enamel Industry and their 
Chemical Technology By Julius GrOnwald, Dr. Ing. 
Translated by Herbert H. Hodgson, M.A. (Camb.), 
B.Sc. (London), Ph.D. (Heidelberg). London : 
Charles Griffin and Co„ Ltd. 19x4. *■ 

The enamel industry has been developed entirely within 
the last twenty years, and has rapidly become of great 
economic importance, especially in Germany and Austria. 
There is no reason why it should not be prosecuted with 
equal success id England, and the present time offers 
British manufacturers an. excellent chance of undertaking a 
lucrative enterprise, This book by DrVGrfinwald, who tea 
foremost authority in the enamel industries, will be of the 
1 greatest interest to those who are engaged, or hope to be en- 
1 gaged, in similar work. The geology andchemical technology 
of felspars, clays, borax, cryolite, and other raw materials 
are fully discussed, and detailed descriptions are given of . 
methods of preparation and purification. Statistics of 
prices, production, &c<, and also many recipes for enamels 
are included. 


Technical Methods of Chemical Analysis . Edited by 
George Lunge, Ph.D. English Translation edited by 
Charles Alexander Keane, D.Sc., Ph.D. Volume 
III., Parti. London ; Gurney and Jackson. xgr4* . 
The third volume of this treatise is a translation with 
some alterations and additions of the third and fourth 
volumes of the last German edition published In igxo—xx. 
Part L Includes Oils, Fats, and waxes, Gums, Drugs, 
Organic Preparations, Rubber, Leather, Tanning 
Materials, and Inks. Bach Section has been revised by 
an English expert, and where necessary alterations have 
been made in accordance with English practice. For 
comprehensiveness and reliability ^ the book is unsur- 
passed, and it is too well known in analytical and college 
laboratories to need further recommendation. 


, ^ - \ \ h . Solvent; Acetate* 

Cipchdnicine .. 0*5160:294 -. ^65*2°; 249 75 

\ \ m :ht£ * 4* ' :9$ ■ 

Benroykfiachonicme 0*9448 398 154*5® , 322 , 91 

2*5280398 151*5° 3*2 89 

^ToluenesulphonyV 0*9404 448 7*1° 342,^ 1 17 , 

; - cinchppictne .. 2*6240448 9*4° 354 X35 

Picrylcinchonicine.^ 0*7132 505 —1968*0° 361 136 

- 1*2912 503 ^x88x*o° 356 133 

> The results show; some interes^ng effects. Like sec.- 
hutylamine (Pope and Gibson, Trans*, 1912, ci., 1702), 
cinchonicine has its rotatory power lowered considerably 
hy the introduction of the p-toluenesulphonyl group. The 
introduction of the picryl group causes a complete change 
la the sign ol the rotation, and also increases the mag- 
nitude very considerably. There do not seem to he any 
detail* of other cases of the effect of the picryl group, 
and it is hoped to examine further this behaviour. 

-- Adopting the electronic theory of molecular structure 
then, me effect of a substitution will he due partly to its 
disturbance of the intramolecular electrical field of force 
and partly to the mass of the substituent. If rotatory 
power is due to vibrating electrons, then the restive effect 
of these two quantities will depend on the value of e]m for 
the vibrating electron, and on the magnitudes of the 


Food Industries . By Hermann T. VultiS, Ph,D» t F.C.S., 
and Sadie B. Vanderbilt, B.S. Easton, Pa»: The 
Chemical Publishing Co. 1914. 

This book will be useful for students of home economies 
who are attending a course of lectures and practical work 
;upon the processes employed in the manufacture and pre- 
paration of foods, and the educated housekeeper who takes 
an intelligent interest In her work will be able to learn 
much from it. In order to profit by the information given 
in it a knowledge of physics and chemistry would be useful, 
but it need hot he regarded as entirely indispensable. The 
functions and nature of different classes of food are 
discussed in an introductory chapter, and then each im- 
portant class of food is treated in more or Isss detail. 
Much attention is paid to wheat, flour, bread, and the 
manufacture and uses of various cereals for breakfast foods. 
The packing house and the canning industry are also fully 
discussed, and some account is given of methods of pre. 
serving foods. The book contains much historical informa, 
tion, and is written in a very interesting and readable style. 
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NUMBER RELATIONS AMONGST 
ELEMENTS. 

' By F. H. LORING. 


THE 


In Studying atomic weight relations, or the classification 
of the elements >y atomic weight, it is interesting to note 
that two or three types of irregularity; common to one 
eie!netif&* 4 ^ so balance or cancel each 

Plh’erj jgtf 4 o v ’l^tvh a^meah interpretation representing a 
hOrl^^'Or' Tegular condition, or, on the other hand, the 
^irregularity ^itself becomes regular by some symmetrical 
peculiarity. This principle may be tentatively illustrated 
by the following treatment 

Referring to “ Studies in Valency,” p. 23, a periodic 
arrangement of all the elements is shown, which lends 
itself to certain uniform sub-divisions or arrangements of 
members which are fairly regular when interpreted in a 
certain manner* as will be seen from the following 
specification; 

There appears to be a constant ratio between the 
number of elements comprising certain branches and the 
preceding number of non-branch places into which 
elements fit, not counting those of the chemically inactive 
class and nitrogen. This reckoning is from branches of 
like type . The ratios maybe expressed by placing the 
numbers representing the respective branch elements as 
denominators thus : — 2SX/3 *>14/2 -14/a 

While this argument, as it stands, is opposed to the 
view that elements will ultimately be discovered which will 
take up places preceding ruthenium and osmium, that is to 
say, one before each, the observation in the main is true, 
since there is no reason to suppose that these relations are 
exact or precise to within, say, one unit or one element. 
There are, however, other relations which thiow consider* 


* Prom H to Ce (inclusive) ** 5a <«). 

Feom PrtoLutincluriv*) '» 13 w* , ■ , . _ 

\lt | m IV*. which Is the -Group No. of h, just as VIL is the Group 
of the other btsoehct, these branch Group Ne«. being one unit m 
" o| Ihwg^lsiiiheatlon ’ value, a stepping-back Principle 

“ fa*®* 
—-rJjjkfiit t* wf^***' 

characteristic as those above and differ from this figure by one unit, 
but since the process of element formation in this case is probably one 
of devolution rather than evolution (see Chemical News, cix., 241), 
not only may the ratio he reversed, but the group number may coincide 
with the mean valency value, so that xfo * IV. There appear to be 32 
radio-elements proper, not counting the radio-gases, when including 
the end products which must form part of the branch system and be 
equal to four normal elements (Ac-end « $, Ac-end ** 1 , Ra-end » 4, 
Ra-end-i, Th-end«i, Th-end-i; sum ■ 4) the figure la increased to 
36 ; therefore, 36/0 « IV, Lead (a) is taken as ah element of evolution 
when considered separate from the isotopic end-products of radio- 
active origin more or less mixed with it, or forming the entire com- 
position (*» b) } these may be designated thus— Pb a ; Pb^ f Pb fl+ $. 
The table given bn page as of “ Studies in Valency” calls for 64 
Chemically active elements m the last (7th) division, including two 
branches, which may be evaluated thus— lUrx, 2UrXj, S’urY, 
4 UrXa, 5 Ura, 6 to, 7 Act ?, 8 Aca (actinium), 0 RadAc, 10 Ra, 
U AcX. lg RaA, fi AcA. 14 RaB, X5 AcB r X6 RaCi, 17 AcC, 
174 Ac<ia, 18 Ac-end, 19 AoD, 20 Ac-end, 204 RaCa, 21 Ra-end, 
22 jRa C j 2$ RaD, VA RaE, 20 RaF, .26RaMmd, 27 Tb, MsThi, 
29 MsTha. 


28 Th-end, 80 — 

evolution ?), 8§ Pb (by evolution, and those following) 40 Tl, 

42 Au, 43 Pt, 44 It, 4 Os, 46 W*47Ta, 48Xu, 49 Ny (Yb), BOThu- 
lium x, 51 Thulium a ?, 52 Er, 53 Ho, 54 Dy* 86 Tb» 56 Gd, 57 Eu, 
50 Sa. J9.Nd, 60 Pr, 61 Ce, 62 La, 63 Ba, 64 Cs. The numbers are 
attached to the radio elements in a manner merely convenient for 
counting i moreover, the order might be reversed. It will be seen that 
- the emanations are, in a sense, intetpetiodic (see Ohsmtcal News, 
ion, ciiL, 71). and when the associates part company (see Chemical 
News, cix.. 241) in a 1 homogeneous manner the separate products—or 
those considered as stich— are, consequently, pure ^//-elements relative 
to the others, at least they may beso regarded forpurpoges of counting; 


able doubt on the .probability of these two elements having 
a real existence* 

Referring again to the seme table, it is further to be 
observed that the number of stable elements in the vertical 
columns containing the branches. and including the branch- 
members themselves is equal to the number of preceding 
non-branch members (reckoned in the same manner) bye 
regular difference of 2. Here, however, 0 very curious 
condition in respect to tellurium, has to be postulated, 
which satisfies certain other requirements, most notably 
the one demanding 32 . elements or members in the .set 
(6th division) terminated by tellurium. 

This regularity calls for 19 elements in Group VIL of 
the right-hand half of the table, as if tellurium were 
Tei. . ..Teiy (in which case Te x * 7*5, and Te x y « 127*5). 
The following arrangement will make this clear 

L. ***.... I. II. Ill* IV. V. VI, VII. . 

6 + 5+5 5+5 

2 m 18 2 * 12 

R I* II*. III. IV. V. VI, VII. 

3 + 3 + 3 + 3 + 3 + 2 

a = 19 

In this case the non-branch elements, nitrogen, potas- 
sium, and one supposed element immediately following 
bismuth (Mendeleefif), are reckoned as occupying their 
respective chemical places in the table. Ah alternative 
apportionment of the numbers is given below, in which 
the hypothetical element following bismuth is assigned to 
Group VII,, somewhat after the manner of tellurium (see 
table), the constant to be added being in this case 3 instead 
of 2, Whilst nitrogen and potassium remain in their non* . 
chemical places as shown in the table, the disposition of 
the numbers being 

L ...I. II. HI. IV. V. VI. VII, - 

5+5 + 5 . . 4 + 5 

3 * to 3 » 12 

r 1. ii. in, iv. y. vi, vh 

4 + 3 + 3 + 3 + 3 + * 

3 - RQ . . , 

From tbe above it might be supposed that some balanced 
proportion exists between the right- and left-hand branch- 
members, when taking into account the radio-elements, 
but excluding the three chemically inactive radio gases. 
Indeed* this appears to be the case since— ^ 

V'. Vtl.L VII. R IV. L IV. R 

7 is to 17 as 13 is to 32 ’ 

The proportion, though not exact, includes the u 17 little 
telluriums” (of course a fanciful conception, but not 
unlike the well-known idea of ten' heliums forming argon), 
and implies that the radio-elements collectively form, a 
one-branch system from lead, lead itself being a more or less 
composite element. Thqre are, exactly 32 distinctive 
radio-elements, omitting the chemically inactive radio- , 
gases, and four probably indistinguishable end-products 
which would be tbe equivalent of lead,. and counting in one 
undiscovered member preceding actinium (see Chemical 
News* cix., 241). ■' 

Dr. H. G; J. Moseley (Phil Mag.t xxvii., 703)* in recent 
work on the X-iay spectra of the elements, shows clearly 
the lacunae for undiscovered elements, one preceding 
ruthenium and one preceding osmium, and confirms the 
inference that may be drawn from this study, that „ 
practically all the elements are known with these possible 
exceptions, and one in the rare-earth group between 
neodymium and samarium ; there, are also thulium I. and 
thulium IL which may be taken as established, or; at least 
tbe X-ray spectra require also an additional-element to 
thulium to render tbe progressive steps of tbe series of 
lines tegular. Dr. Moselev has not; as yet published an 
extension of his series of lines beyond g$d, but there is 
every reason to believe that, between aldmmium and gold, 
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Number Relations amongst the Elements. { Cw $5* 


Cu. 

J 53 X 7 
67 X i 
. ,63*500 

- 63*53' 
63-57 

63-50 

Ag. 

107 x 7 
hi x 2 
ro7"888 
. 107*9 
107*88 

107-9 
107*9 . ■ < 

An. 

196 X 7 
20a x 3 
197*200 
197*25 

- W* 


?n. 

64 .x 6 
68 X 3 
65*333 
65*34 
65*37 
65*33 


Cd. 

in X 7 
115 X 4 
112*454. ' 
112*47 / 
112*40 
112*43 


Hg. 

199 X 3 
203 X 5 
200*538 
200*5 c 
200*6 


Upper atom-numbers— 


G». G« 

68 X I 0 71 X 4 

72 X 5 73 X 7 

7 1 ‘333 7 2 ' 2 7 2 

71-35 72-27* 

69-9 .. 7 2 '5 

As. Se. 

72 X 3 75 x 2 

76 x 9 80 X II 
75*000 79*230 

74-98 79-25 

74-96 79-2 



7* 53 * 

In. Sn. 

1X2 x 5 116 x 5 

1x7 X 6 121x8 

114*727 119*077 

114*72 nS‘99 

114*8 119*0 

Sb. I. 

119 x 7 126 X I 

X2I X 10 127 X 12 

120*176 I26‘923 ,... 

I20*l6 I2696 

I20‘2 126*92 




Tl. 

202 X 9 
207 x 7 
204*187 
204*17 c 
204 o 
204*17 .. 


Biy 

79 X I 

80 x 13 
79*928.. 
79*90 
79*92 ■* . 
79*90 
79*90 . 


..Associates; m.v. 

. . Ellip. method. 

. . Experimental* 

. . Summation method* 
..Quat. series method* 


Te. 

[7-5 X (3 + 14)] 


127-5 


Associates: m.v. 

127*5 .Ellip, method. 

127*5 Experimental. 

Summation method. 

227*5 ...... Quat. series method. 


Pb. ! Bl. 

208 x 11 

208 x II ’ 1 

208*000. . .. . .Associates : mean values* 

208*00 Elliptical method. 

208’ 0 .Experimental. 

Quaternian series method. 


7 6 — -1 — ~4 r 3 — 1 ' ’ ‘ 

, * 6** » *x. .1. . .4. . , .i. • • »°. • ■» - Differences, 

1 " 7 ^— -7 -" 5 — --5 — 7^ — * 

0. ,*4.. ..'I.. .*4. »• *1* »* *0. .. .Differences. 
: — =-[4 — 1] 

« Tellurium and iodine in chemical place. 

, c » Corrected value. 


Lower atom-numbers— 
x- 
2- 
3 - 


- 3 - 

- 4 - 


— 9- 

~IO 

“ii 1 


11 13 

w't— X4t 

[i 3 1 5 ] 


t Iodine and tellurium in numetial place, 
f ] * Uncertain representation relative to others. 


Note.— The term « atom numbers ” should not be confused with the serial numbers assigned to the elements by 
A. van den Broek* v 


ail the elements are known except, at the most, four 
elements as above indicated, Rutherford and Andrade’s 
(PAiJ, Mag. y xxvii., 854) experimental analysis of matter 
by excited radiation gives lines which assign lead to its 
proper and expected place in the extension of the series as 
indicated by X-ray analysis, and therefore no new elements 
are tp be expected between gold and lead.* 

- Upon careful consideration of these supposed elements, 
falling as indicated next to ruthenium, osmium, and 
samarium, it will be seen, however, upon referring to 
« Studies in Valency*” p. 17, that the lacuna* for these 
three elements in question are of the same character in the 
valency plot shown, indicating possibly that these may be 
natural breaks in an otherwise continuous chain, since, by 
dosing the table up at these points, the irregularity 
becomes in itself regular. The number relations herein 
given support this contention. 

The table under further, consideration, with respect to 
the right-hand half of non-radio-active elements, lends 
itself to a complete arrangement of associate atoms (see 
Chemical News, cx., 25} in suchwise as to bring into 


* The composite nature of the atom may be revealed by some 
characteristic radiation— such, for example, as the X-ray spectra of the 
elements as -experimentally developed by Moseley. As a first approxi- 

mation in theory, the two characteristic lines observed might arise 
ton the presence of two types of atoms differing in atomic weight ; 
but theoretical considerations do not necessarily point directly to such 
a view. These, however, are matters which the experimenters them- 
selves can doubtless discuss to better purpose. For a general account 
of the interference and reflection of X-rays by crystals and the analysis 
of matter thereby, tee 11 X-Rays^ by Kaye (Longmans, Green, and 
Co., 1914)1 particularly Chapter XII., 'but the original papers should 
be studied. For a list of references leading up to ihe developments by 
Moseley, see “ Text-book of Inorganic Chemistry,” by Messrs, Friend, 
Little, Tomer, and Briscoe (C. Griffin and Co., Ltd., 19x4), vol. i., 
p, 50/ See also Tutton, Chemical News, 19x3, evii., 277, 389, 30X : 
but see particularly Moseley, Phil, Mag., December, 19x3, p. 1034, *nd 
April, ,19x4, p, 703. 


harmony the values by the elliptical method, those of ||§$ 
quaternian series when available (there being a limpeff* 
number of these), and those by the summation method, 
also limited in number. Moreover, the values are not at 
variance with those obtained by experiment when the more 
accurately determined values are compared with the 
theoretical ones, as the accompanying table will show. 
In this table, however, the atomic weights enclosed by the 
circumscribed line are for one reason or another uncertain, 
notwithstanding the coincidences. The other atomic 
weights for the most part are probably correct; those 
obtained by taking mean values (m.v.) of the associate 
atoms as shown being the preferred ones, and these are 
supported by experiment. It must be remembered that the 
various methods employed represent tools which are 
capable of some adjustment , and finality is not possible in 
every case. 

The setting aside of the inactive gases in these number- 
studies should not be taken as an Indication that they are 
not true elements, but rather that they are chemically 
inactive , and consequently count as nought when balancing 
or otherwise arranging the chemically active members. 
They appear to fit into the X-ray spectrum series, and take 
up a normal aero place in practically all periodic tables, 
and from various considerations the universal opinion is 
that they are true elements (see Soddy, Science Progress, 
1914, viii,, 654). 

Since these relations are largely based upon the idea of 
branch systems of elements, the peculiarity of these 
branches should be kept in mind, otherwise some of the 
statements would seem contrary to accepted opinion; 
whereas the method of treatment is, I believe, quite as 
comprehensive in its systematic expression of fact as any 
other method, but this is a matter for others of wider 
experience to judge. 
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These relations Beem to harmonise with those published 
in the Chemical News, 191a, cvi., 37, when main and 
subordinate considerations (details) are not confused* (See 
also Chemical News, 1913, cviii., pp. 93, 188, 347 1 and 

305)* 

Greater, interest than ever seems to be attached to the 
problem of exact atomic weight determination, and the fol- 
lowing statement by Prof. Soddy (Chemical News, 
cviii., 169), which I am sure was not intended to minimise 
the importance of such work, should be of profound 
interest— if I may express what appears to be the opinion 
of others:— 

“ The chemical analysis of matter is thus not ah ultimate 
one. It has appeared ultimate hitherto on account of the 
impossibility of distinguishing between elements which are 
chemically identical and non-separable Unless these are 
in the process of change the one into the other. But in 
that part of the Periodic Table in which the evolution of 
tfte'elements is still proceeding, each place is seen to be 
occupied not by one element, but on the average, 
for the places occupied at all, by no less than four, the 
atomic weights of which vary over as much as eight 
units. It is impossible to believe that the same may not 
be true for the rest of the table, and that each known 
element may be a group of non-separable elements 
occupying the same place, the atomic weight not being a 
real constant, but a mean value, of much less funds- 
mental interest than has been hitherto supposed. Although 
these advances show that matter is even more complex 
than chemical analysis alone has been able to reveal, they 
Indicate at the same time that the problem of atomic 
constitution may be more simple than has been supposed 
from the lack of simple numerical relations between the 
atomic weights.” 

Whatever else these relations may signify, they cer- 
tainly broaden one’s conception Of Nature’s working, in 
that the observing student must no longer look at things 
through one pair of spectacles i)ut through several of 
different character or colour before the composite design 
is fully brought to view. 


THE INTERSTRAIN THEORY OF HARDNESS,* 
By ANDREW McCANCB, 


i. There are three methods by which a pure metal may 
bd , thade hardier, namely* by mechanical deformation, by 
She addition of elements which fbtm solid solhfion^, and 
by the application of heat treatment (in certain cases), but 
as yet there is no theory which can be baid to demonstrate 
the underlying connection which must exist between these 
three means of achieving the same end. For it can be 
said with certainty that so long as the metal retains its 
chemical characteristics the same effects must be derived 


from the same immediate causes. 

It is with the hardening effect caused by heat treatment 
that this short , paper wffl deal, but it can be shown that 
whet i$ true for iron Is also generally true for all alloys 
Where corresponding conditions exist. 

a. The great amount of attention which has of late been 
concentrated on the nature of the aliotropic changes in 
pure iron has made it clear that from ordinary tempera- 
tures up to iooo° C. only two real aliotropic forms ofiron 
exist, tne « and the y, and that the so-called 8 iron is in 
. reality a iron which has become non-magnetic from purely 
thermal causes, the apparent liberation of heat at Aa being 
due to the rapid change in the specific heat which neces- 
sarily accompanies the ferromagnetic transition (McCance, 
four* Iron and Steel Inst., 19x4, i., 223 ; Benedicks, Ibid., 

^sfnce * 3 §on loses its magnetic properties above a defi- 
' finite temperature, it “might be suggested that y iron, which 


* Contribution to the General Discussion on , 11 The Hardening of 
v Society, November *3, * 9 * 4 , 


at high temperatures is non-magnetic, might itself become , 
magnetic at lower temperatures. Non-magnetic manga- 
nese steel, however, is not transformed even at the tem- 
perature of liquid air (Hadfield, your. Iron and Steel Inst, ‘ 
1905 » i-> 179)1 End no treatment can make austenitic steels 
magnetic which does not increase the specific volume at 
the same time, and when this takes place it points conclu- , 
sively to the transformation to a iron, for the thermal 
magnetic transition makes no appreciable alteration in the 
specific volume. 

The development of enormous, crystals in low carbon 
steels which nave been strained and afterwards reheated 
to any temperature below Ac 3 (Stead, your. Iron and Steel 
Inst., 1898, i., 145 ; Chappell, your . Iron and Steel 
Inst., 19x4, 1., 472), and in thin sheets of electrolytic jron 
cooled from above Ac 3 (Stead and Carpenter, your. Iron 
and Steel Inst., 1913, ii., 113), proves that iron possesses 
the s?me crystalline form above Aa as below it, and that 
therefore the Aa point is not evidence of allotropy. 

3. The great and important distinction between the two ' 
forms of iron is their behaviour towards carbon, which is 
soluble in a iron only to a very small extent, but can dis- 
solve with readiness in 7 iron, and on this preferential 
treatment rests the explanation of the unique position 
which carbon occupies as a cause of hardening by quench- 
ing in iron. There is no doubt that if another element 
can be found which posesses the same property of exclu- 
sive solubility in 7 iron, then that element also will possess 
to a similar extent the hardening power of carbon. 

4. Pure iron, in common with all metals, is hardened 
after permanent deformation, and It m best described after 
such treatment as being in a condition of “interstrain.” 
Metals in their normal unstrained condition are crystalline. 
That is, they are composed of an orderly arrangement of 
their constituent atoms arranged in a space lattice which 
conforms with whatever symmetry the crystals possess. 
Successful attempts have been recently made by the aid of 
X-rays to determine the actual position occupied by the 
atoms, and copper (Bragg, Phil. Mag., September, 1914), 
for instance, has been shown to have its atoms built up in 
a ” face centred ” cube — that is*, a cube having an atom at 
each corner and one at the centre of each fcce. 

The effect of deformation on such systems must be to 
alter the position of each atom relatively to its neighbour, 
and permanent deformation must cause so much alteration 
that the atoms along the planes of slip can no longer 
return to their positions of equilibrium. This corresponds 
to the condition of interstram, and results in a hardening 
L of the material* That the destruction of the crystalline 
arrangement goes so far as to render the material in those 
planes of greatest movement actually amorphous and 
devoid of crystalline form, as Beilby has proposed, has 
never been seriously questioned, but the writer thinks that 
the following facts are strong arguments against this ' 
theory of a hard, vitreous, amorphous phase. In the case 
of a dimorphous metal like iron, the vitreous phase to be 
truly amorphous must possess, the same physical proper- 
ties, no matter from which crystalline form it has been 
produced by deformation, and/since strained a iron loses 
none of Us magnetic intensity, we must assume that amor- 
phous iron is magnetic ; consequently it is to be, expected 
that strained y iron will also be magnetic Binco the same : 
constituent is produced. The important results of Hadfield 
and Hopkinson (your. Iron and Steel Inst., 19x4, i., 
125} show, however, that the magnetic intensity of aus- 
tenitic manganese steel after severe straining is only aug- 
mented to 0*3 per cent of the intensity of pure iron, and is 
still practically non-magnetic, although the hardness has 
increased from 200 to 490. It would seem that the iron 
in the intetstrained condition has not lost the , distinguish- . 
ing properties which are the result of crystalline form. , 
Hanriot (Comptes Rendus, civ;, 7x3, 1502) e^Seif small 
cubes of metal to a fluid pressure Of io,od6 kgs. per sq. J 
cm., and although no measurable deformation could be 
detected, the hardness, had increased ift every case as 
1 follows r 1 1 l.v '/ 
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Fig. i.— T he units are degrees Centigrade above the Aci point, and increase in hardness in Brinell 
numbers above the annealed value. 


Metal. 

Hardcesb (befoie). 

Hardness (after) 

Silver 

30*3 

3a*a 

Iron 

577 

6r 3 

Brass 

24*0 

36*5 

Zinc 

33'i 

43*° 


The microstructure was the same after this treatment as 
before, while to suggest that the hard vitreous phase had 
been formed as the result of pressure would, of course, be 
out of the question, since iron which expands on becoming 
liquid would have its melting-point raised and not lowered 
by pressure. 

Deformation does not necessarily produce an amorphous 
constituent, but only results in some permanent alteration 
of the atoms from their positions of equilibrium in thejr 
crystalline space lattice; and, conversely, it will be true 
that any metal whose atoms are prevented from reaching 
their positions of equilibrium will be in a condition of 
interstrain, and will be hardened. 

5. To harden steel it is necessary to heat it above the 
Acx point— that is, to heat it to the temperature at which 
the carbon is all in solution, and then to cool it at a rate 
which is sufficiently rapid, but the greatest hardness is ob- 
tained when the temperature reaches the highest change 
point— that is the AC3 for hypoeutectoid and Ac cementite 
for hypereutectoid steels. This is shown in Fig. x, giving 
the hardness of three steels with 0*35 per cent, o*86 per 
cent, and rx8 per cent carbon, and the temperature of 
quenching in degrees above the Ac t . 

With o*35 per cent carbon the structure, after quenching 
from just above the Acj will consist of ferrite and marten- 
site areas (separated by transitional troostite, &c.), and 
the increase in hardness from this to just above the Ac 3 , 
when the structure is wholly martensitic, corresponds with 
the gradual replacement of the ferrite by the hardest con 
stituent. With x*x8 per cent carbon the greatest hardness 
is obtained by quenching from just above the Ac cemen- 


tite, and the softening which takes place on increasing the 
temperature corresponds with the appearance of austenite 
in the microsection. A very important result is that when 
the carbon reaches about 07 percent a maximum hardness 
is obtained in the quenched state, and this value is not ex- 
ceeded in any pure carbon steel. If the hardness were the 
direct consequence of carbon in solution, the hardness 
would be proportional to the amount of carbon dis 
solved. That it is not bo shows that the action oi carbon 
is indirect, and that the hardening element is the iron 
itself. 

G. It is a fact well known that steels which at he em 
perature of quenching are non-magnetic are magnetic in 
their hardened state, and this change must have taken 
place during the time occupied by the quenching. Since 
it has been previously shown that y iron does not itself 
become magnetic, it is necessary to conclude that during 
the time occupied in cooling from the higher temperature 
to the lower the original y must have changed to the mag- 
netic a condition. Measurements oi the electric resistance 
show that the carbon has not changed its condition, but 
has remained in solution, and ho we recognise the fact 
that under the conditions of quenching the transformation 
of the iron from the y to the a state can take place indc 
pendently of the change in the state of the carbon from A 
state of solution to the undissolvcd state. These two 
transformations, which on slow heating and cooling take 
place simultaneously, can behave as independent reac- 
tions, although in a sense which is limited. For though 
martensite may be considered as an enforced solution oi 
carbon in a iron, it must not be forgotten that there is still 
some y iron present with the carbon, which is absolutely 
necessary to maintain its solubility, and any change in the 
state of the carbon causes the transformation of this y 
iron to *. It might on this account be suggested that the 
iron is chemically combined with the carbon, but an 
examination of the curve (Fig. a) connecting the loss of 
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magnetic saturation intensity with the carbon content 
shows that the 7 iron increases much more rapidly than 
the amount of carbon, which points to purely physical 
influences. 

7. it has been shown elsewhere (McCance, he. cit.) 
that it is possible to calculate the velocity of quenching in 
a round, bar on certain assumptions which are closely 
realised in the early stages, at least of quenching, and if 
the curve thus obtained is compared with the curve con- 
necting the electric resistance,; or the loss of magnetic 
intensity of a steel with o*S6 per cent carbon, it is seen that 
they are closely similar, so that the amount of carbon in 
solution and the amount of y iron retained in the cold 
state are proportional to the rate of cooling, at least until 
the carbon is completely m solution* 

With a given rate of cooling the progress of the tran- 
sition from ^equilibrium. position for 7-crystals to that 
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Fig. 2. —From data published by 'Hadfleld and Hqpkinson 
and by the Author,. 

of o-crystals will be arrested, and will ultimately be 
stopped by the increase in the internal viscosity at the 
lower temperature* The crystalline transformation, in 
other words, will be partially suppressed, and a condition 
produced which is essentially similar to the condition of 
Interstrain produced by deformation, and the hardness 
which results is accounted for by this condition. 

1 During the Cooling of hypoeuctectoid steel from a tem- 
perature at which it consists, of a homogeneous solution of 
carbon in 7-iron, its complete transformation into a-iron 
ghd cementite comprises two individual transforms- 
■ tfohs \ 

r A change in the state of the iron from 7 to «. 

A; change in the state of the carbon, ■' 


The first of these can. take place independently of the 
second, but when the second takes place it necessarily in- 
volves the first. Three possible conditions can therefore 
result . 

(x), Both transformations are completed : this is the 
normal pearlitic condition of steel, which is soft. 

(2) Both transformations are suppressed ; this corre- 
sponds to the condition of pure austenite, which is 
also comparatively soft. 

(3) When (a) takes place but (b) is suppressed— -that is,, 
j U$j£ the complete transformation is partially suppressed — 

then fche structure is martensitic and the a-iron 
formed under this condition is interstrained and very 
hard. , 

Case (3), then, is the important one from a hardening 
standpoint, and to be possible it is necessary that a differ- 
ence should exist in the respective velocities of transforma- 
tion of (a) and (d), so that with , an appropriate rate of 
cooling the slower transformation can be suppressed 
while the faster is not greatly affected. 

This intimate connection between the rate of cooling 
and hardening is further illustrated by the. behaviour of 
alloy steels. The addition of manganese, for instance, by 
lowering the temperature of the transformations greatly dr - 
creases the velocities with Which they proceed, so that 
with a certain percentage (which varies with the carbon 
content) the transformation of the carbon may be almost - 
completely suppressed by air cooling, and the normal 
condition after such treatment is martensitic, accompanied , 
by hardness and brittleness— in fact, all the characteristics 
of quenched pure carbon steels. Water quenching, on the \ 
other hand, results In the complete suppression of both 
transformations, and the steel becomes austenitic and soft, 
while the same result is obtained by air cooling when the . 
percentage of manganese is farther increased. 

Commercial manganese, steels after air cooling are non- - 
magnetic though fairly bard and brittle, but such steels 
usually contain about 1*2 per cent of carbon, and this con- 
dition is probably brought about by the deposition from a 
state of solution of the cementite in excess of the euctec- : 
toid composition, 

Similar results are obtained by ,tbe addition of nickel, 
and the following facts are also, instructive. A nickel steel 
containing 3*6 per cent of Ni and o'xq percent carbon had 
a normal hardness of 183, which, after quenching in water 
from xooo 0 C., had risen : to 444, but a steel containing , 
O’ 19 per cent carbon without the nickel increased after the - 1 
sjune treatment from 143 to 2x8 ; that is, while the plain 
qarhon steel increased in hardness 65 points by quenching, 
the nickel steel increased by 259. Nickel is known not to 
form a carbide in this range of composition (Arnold and' . 
Read, Engineering, 1914, pp, 463 and 468), consequently 
the state of the carbon is similar in both, and the increased 
hardening power must be due to the influence of the nickel 
oh the iron. It has enabled the iron to retain a greater 
degree of interstrain by lowering the temperature at which’, 
the transformation of the 7 to a iron .takes place* , V 

8. Tempering allows the metastable conditions which. ' 
result; from quenching to revert to their stable state. In 
I hypoeutectoid steels the carbon is deposited from solution 
and the specific resistance falls, white at the same rime the 
interstrained condition of the iron is gradually lost with 
the formation of « ferrite recognisable under the micro- 
scope (McCance, your. Meehan. Eng., <Tgro, ,*p. 1664). 
As a consequence, the magnetic permeability under low 
fields increases, the . remanent magnetism decreases, and 
the peculiar shape of the Curves connecting the magnetic 
properties with the temperature of tempering is found to 
be exactly similar for interstrained, iron as for quenched 
steels— a similarity which extends also to the rate at 
which the hardness fs lost (Maurer, Rev. de Wt. y igjoS, 

burning now to the consideration of the tempering or 
high carbon steels Which contain a proportion of pure 
austenite, the curves of specific volume electric resistance 1 
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H. m Hardness curve— each vertical division represents 10 units (Shore)* 

E.R. » Electric Resistance— each vertical division represents ao per cent of the total loss. 
S.V. ** Specific Volume— each vertical division represents 0*0004 cub. cm. 
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and hardness of one containing 1*66 per cent carbon due 
to Maurer are given in Fig. 3. 

- The smooth curve for the electric resistance shows that 
the carbott is deposited continuously, and this causes a 
decrease in the specific volume, but at 150° C. to 250° C. 
there is a sudden increase which is without effect on the 
electric resistance, and must, therefore, be due to the 
transformation of 7 to * iron, and since this takes place 
independently at a low temperature under conditions of 
high internal viscosity, the a-iron formed will be in a con- 
dition of interstrain, and an increase in hardness should 
result. This Is strikingly confirmed. 

9. The importance of internal friction in retarding 
transformations and preserving the metastable state has 
been pointed out, ahn in solids this internal friction is very 
similar to sliding friction between solid surfaces. A fixed 
amount of super-cooling below the transition range, for 
instance, is necessary before transformation can take place 
in solids, and the difference in the temperature of trans- 
formation on heating and cooling is a measure of the 
internal friction. Twenty-five per cent nickel steel has a 
transformation-point at 550° C. on heating, while on cool- 
ing it is transformed in the neighbourhood of -xoo°C., 
which shows a range of 650* ; but manganese steel con- 
taining about 14 per cent Mn has a larger difference in this 
respect than any other, since on heating the Ac point 
occurs about 550° C., while the At,i does not even take 
place at the temperature of liquid air, a range of more than 
74 °°* 

Many of the abnormal properties which manganese 
steel possesses are due to this great friction. Deformation 


renders non-magnetic nickel steel magnetic through the a 
transformation of the y*iron to a with a decrease m den* * 
sity, but manganese steel, on the other hand, is practically 
unaffected magnetically. 

Tempering at a temperature just below its change-point 
results in the gradual conversion of the 7-iron to a, and 
the deposition of the carbon from solution, but the g-iton 
is intcr6trained and the hardness is increased. It is con- 
ceivable that very prolonged tempering would cause this 
hardness to be lost again, with the production of a soft 
manganese steel which is magnetic. 

xo. When pure austenite, formed by quenching 2 per 
cent manganese steels, or the austenite of high carbon 
steels, is immersed in liquid air, the greater super-cooling 
overcomes the internal friction, and the 7 to a transforma- 
tion takes place, although the carbon change is unaffected. 
The electric resistance is not changed, hut the specific 
volume increases as well as the hardness, through the 
production of interstrained «-iron. Maurer obtained the 
following results 

. ^Electric Specific Magnetic 

Composition, Resistance. Volume, Hardness, Remanent. 

Per cent, cm, 

i*66 C. i*oo , 0*12964 28 *4*5 (#) 

1*66 C, 1*04 0*13103 38 28*5 \b) 

*'94 C. 1*00 r 0*13233 17 o*8 (cj 

2*24 Mn. 1*07 0*13439 29 8*2 (d) 

u*) Quenched from noo° C. in iced brine. 
b) Quenched from noo° C. immersed in liquid air. 

(c) Quenched from 1200° C. in iced brine. 

(d) Quenched from 1200° C. immersed in liquid air# 
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hydrocyanic acid evolved by 20 ±3 per cent and to 
reduce the half time rate by 24 ± 5 per cent. , 

There is no doubt that these commercial varieties of 
‘ linseed are- mixed and genetically impure. I am, how- 
ever, in 1 hope that I may be able to obtain some genetically 
pure seed and continue these investigations. Meanwhile 
' it would seem that English grown seed is safer than 
.foreign grown seed for the purposes of cattle food, but 
’ that before further experiments on the growth of linseed 
axe carried ont in England, it would be well to see that 
the seed selected for such experiment was of a variety 
likely to give a linseed low both in cyanogenetic gluco- 
sides and ehsyraes. . There Is not much correlation 
between yield of seed per acre and cyanogen content, but 
' on. the whole there is a tendency for the seeds having an 
„ origin in temperate climates to give the best yield per 
, acre and to contain the least proportions of cyanogenetic 
glucosides. —Proceedings of the Durham Philosophical 
Society, v., Part 4. 


■ \ „ BRITISH DYES. 

At a meeting of representatives of important firms and 
associations making use of artificial dyes, held at the 
Board of Trade On Tuesday, November ro, 1914,^ the fol- 
lowing resolution! wasunanimously passed, namely 

.. • * That this meeting approves in principle of a national 
effort being made by the trade to increase the British 
supply of synthetic colours,, and welcomes the assist- 
ance of His Majesty’s Government for that purpose, 
and that the following gentlemen be and are hereby ap- 
pointed, a Committee as representing the trades con- 
cerned, with authority to confer with the representatives 
of the Board of Trade with a view to the elaboration of 
a scheme on the lines of the memorandum submitted. M 

The Committee appointed was 
Mr. Lennox Lee (Calico Printers’ Association, Ltd.)* 
Mr. Milton S. Sharp (Bradford Dyers’ Association, 
Ltd.). 

Mr. H. W. Christie (United Turkey Red Co.* Ltd.). 
Mr* Chas. Diamond (English Sewing Cotton Co., Ltd.)* 
Mr. G. Marchetti (John Crossley and SonB, Ltd.). 

Mr. R. D. PCdlar (J. Pullar and Sons, Ltd.). 

This Committee has been engaged upon the elaboration 
of the scheme referred to in the resolution, which involves 
the formation Of a joint stock company, having for its 
object the manufacture' and supply of synthetic colours. 

.fee outbreak of thejpresent War has demonstrated the 
dangers which surround British trade through dependence 
upon Germany for supplies of dye stuffs. The gravity of 
the situation is shown by the following extract from a 
speech made by Lord Moulton in the Town Hall, Man- 
chester, on Tuesday, December 8, 191*4. 

1 Lord Moulton! said When I began to investigate 
the question of thelackof dyes I found England consuming 
£3,000,000 worth of dyes a year. Those ayes were essen- 
tial to an industry of something like £200,000,000 a year, 
on which at least 1,500,000 workmen were dependent. Of 
that £2,000,000 worth of dyes barely one-tenth was pro- 
duced in this country.” 

, Lord Moulton pointed out that this gravity would not 
under the present circumstances be lessened by the return 
; of peace. The British textile and other industries would 
still be left at the mercy of their present foes, as they 
would be dependent on a supply of dyes from them, and 
. our experience of German methods of trade was sufficient 
to convince us that' such supply would only be given on 
terms which would be most unfavourable to the competi- 
tion of our industries with those of Germany. The only 
. efficient remedy was the establishment of a company 
which would be capable of supplying substantially the 
needs of British industries for dyes. Owing to the long 


period during which German chemical industries have been 
allowed to develop without challenge from us, Lord 
Moulton expressed his belief that such an under- 
taking must be the result of a great national effort, in 
which the Government took part. Success would depend 
on its possessing the three characteristics of being*— 
(1) large, (2) British, and (3) co-operative* 

His Majesty’s Government are prepared to assist such 
an effort on the following lincB 1 

(a) A limited company to be formed under the Com- 
panies Acts, with a share capital of £3,000,000, divided 
into 3,000,000 shares of £x each. This capital to be 
subscribed by those interested, and be paid up as to 
2S. 6d. a share on allotment, 5s. on June 30, 19x5. The. 
remaining 12s. 6d. is not likely to be needed for some 
time to come, and when required will only be payable in 
calls not exceeding as. 6d. a share, at intervals of not 
less than six months between each call. 

(b) The Government to advance to such company 

£1,500,000, bearing interest at the rate of 4 per cent 
per annum, and secured as « first charge oh the assets 
and undertaking of the company, and >e repayable in 
25 years. , ■ 

(c) The interest on the advance and a Sinking Fund 
for its repayment are to be payable only out of the net 
profits of the company, but are to be cumulative. 

' (d) The Government advance to be made as to 

£750,000 on the Government being satisfied that the 
£3, 000,000. capital of the company has been fully sub*- 
scribed, and the remaining £750,000 so soon as the call , 
of 5s. a share has been made. 

(e) The Government shall have the right of appoint- 
ing two directors of the company, with power to veto . 
any undue encroachment on the businesses of British 
manufacturers of products other than dyes and colours, 
or the giving of any undue preference as regards supply* 
prices, or otherwise to consumers of the company’s 
products. 

(The names of the gentlemen so, appointed are Sir 
Gilbert H. Giaughton* Bart., Chairman of the London 
and North-Western Railway Company, and Sir Frank 
Forbes Adam, C.I.E.) 

(/) The company shall remain British. 

The opinion expressed by Lord Moulton is strongly held 
by the Committee, who consider that the condition of co- 
operation would be best secured by the subscription of the 
company’s share capital by those interested, and also by a 
contract being entered into between the company and the 
consumers or users of its products, whereby the con- 
sumers should agree for a period of five years after peace 
is established, or five years after the expiry of existing 
contracts and of all deliveries thereunder (whichever is the 
longer period), to take their supplies from the company, in 
all cases where the company is able to supply the same of 
good quality and at reasonable prices, but with a provision 
that if a consumer should consider the prices fixed hy the 
directors of the company too high he may require that the 
prices to be charged shall be determined by an independent 
referee. 

To meet the difficulties of the present situation, it is pro- 
posed to take over certain existing colour works, and use 
the plants to their full capacity for the manufacture of 
such dyes as are essential* 

Negotiations with Read, Holliday, and Bona, Ltd.* have 
resulted in arrangements being made for the extension of 
their plant, so as to secure a material increase in their out- 
put, and it is proposed that the new company shall take 
over the business and undertaking of Read, Holliday, and 
Sons, Ltd., under an option which has been obtained* 

It is intended to negotiate for the acquisition of other 
businesses which it may be desirable to take over and ex- 
tend in the same way as that of Read, Holliday, and 
Sons, Ltd., and also to take steps to acquire a suitable, 
site and erect and equip works thereon* 

This effort to create a great national industry does not 
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preclude arrangements being made on co-operative lines 
with existing concerns in Switzerland, and the Committee 
have grounds for hoping that such arrangements will be 
possible* 

Although the immediate supply of dyes must be made- 
quate in some respects, the Committee have reason to 
believe that the company will be in a position to make 
arrangements which will protect the country from the con- 
sequences of a famine in respect of a large proportion of 
the dyes essential to the textile and other industries, and 
ultimately to secure those industries from any repetition 
of that foreign domination which is the cause of their 
present difficulties* 

With the object of securing for the company impartial 
administration of its business as between the users of dyes 
it is Intended that the Board of the company {other than 
the Government directors) shall be selected by the Com- 
mittee, and mainly composed of business men who are not 
themselves necessarily engaged in the dyeing trade* The 
Board will be assisted by an Advisory Committee, consti- . 
tuted from among the representatives of the users of dyes, 
and will, in addition, have the advantage of the advice of 
chemical and other experts, 

In the course of their deliberations the Committee have 
had addressed to them, among other questions, inquiries 
as to whether the company would not be hampered (i> by 
inability to secure the requisite alcohol free of duty and 
fa) .tby, restrictions at the instance of German holders of 
British patents.: ' The Committee have satisfied themselves 
with regard to (i) that the company will be able to obtain 
from the Board of Customs and Excise permission to use 
alcohol for all industrial purposes, free from duty, by 
arranging that the denaturing of such alcohol shall be 
carried out under conditions which will not hamper its use 
for such purposes; and. with regard to (a), that the new 
Act of 19x4 and the rules thereunder will enable the com- 
pany to obtain on reasonable terms a licence from the 
Board of Trade for the duration of the patents empowering 
It to manufacture commodities covereaby such patents, so; 
as to enable the community to enjoy the full use of the 
patented invention* 

The offices of the Committee are at 7, Norfolk Street, 
Manchester. 



. PROCEEDINGS OF SOCIETIES. 


CHEMICAL SOCIETY'.; V. V' 
Ordinary Meeting, December 3, *914. 

Prof. W. H. Perkin, LL.D., F.R.S., President, and, 
subsequently, Dr. M. 0 . Forster, F.R.S., in the Chair, 

The President announced, with deep regret, that Dr* 
Cecil Reginald Crymble, of University College, London, 
who was elected a Fellow on May 4 f xpxx, had been 
killed in action on November 20. . 

, Mr* J. de Carle Smith, was formally admitted a Fellow 
b£ the Chemical Society* 

' Certificates were read for the first time in favour of 
Messrs. Sidney Albert Brazier, M.Sc., 2, Mansfield Villas, 
Yardley Wood Road, Moseley, Birmingham ; Neal 
Brodie, B.Sc*, Government Test House, Alipore, India ; 
John Gerald Frederick Ptuce, Coombe End, Whitchurch, 
Reading;. Charles Hinde, 936, $th Avenue West, Van- 
couver, British Columbia; Ronald Madnnes, ^ Shrews- 
bury Road, New Southgate, N. ; Arthur Dawes Robinson, 
B;X, Bradley Court, Mitcheldeah,,Glos. ; Ramtaran Sen, 
LiM.S*, Bacteriological and Chemical Laboratory, Shil- 
lotig, , As^am, India ; John Taylor, M.Sc,, 3, Laurel 
Villas, Mardyke, Cork ; Henry Terrey, B.Sc,, University 
College, Gower Street, W.C._; Su-Hian Ting, *30", 
^gtchmern Road, Clapham Common, S.W* 


Messrs. J. A. Goodson and H* King were erected 
Scrutators, and a ballot for the election of Fellows was 
held* The following were subsequently declared as duly 
elected ‘.—Hugh Logie Allan ; Henry Atlas ; William 
Bacon, B.Sc* ; Charles Kelway Bamber ; Srisb Chandra 
Banerji ; DurgaSanker Bhattacharje ; Arthur Henry 
Bowell ; Alexander John Boyd; John Bradshaw, M.Sc. ; 
Frank Brinsley, M.Sc. ; James Meikle Brown, B.Sc. ; 
John Arthur Cresswick ; Harry Cunliffe ; Frederick Raine, 
Ennos, B,A.,B.Sc.; James Ferguson; Alexander Fleck, 
B.Sc. ; Ernest George, B.A. ; George Noel Grinling ; 
Thomas Clifton Hurford ; Charles Cochrane lies, M.D., 
D.P.H.; George von Kaufmann, jun. ; George King, 
M.Sc. ; Herbert Levinstein, M.Sc., Ph.D. ; Joseph. 
Frederick Levy; James Lyttle McKee, B.A., Ph.D.; 
Benjamin Stanley Mellor, M.Sc.; Alfred Edgar Newland; 
Henry Cecil Ratcliffe; Joseph Drummond Robertson; 
Rajkumar Sen, M.Sc.; William Kershaw Slater, B.Sc.; 
Henry Michael Spiers, B.A., B.Sc.; Alan West Stewart, 
D.Sc.; Mark Thompson; Olin Freeman Tower, Ph.D** 
Hugh Vivian; Arthur Henry Wardle. 

Of the following papers those marked * were read r-— 

*287. “ A Redetermination of the Atomic Weight or 
Tin . 91 By Henry Vincent Aird Briscoe. 

The atomic weight of tin has been redetermined by 
measurement of the ratio 4Ag’j SnCI,*. 

The stannic chloride was prepared from pure com- 
mercial tin and pure chlorine, and was purified by re- 
peated fractional distillation. Its final purification and 
collection in weighed bulbs was effected by its decantation 
and fractional distillation in a sealed and exhausted 
apparatus. 

The amount of silver required to react with the chloride 
present was ascertained by a gra vi-volUmetric method, the 
end point being found -by nephelometric tests. Precipita- 
tion of metastannic acid produced by the hydrolysis of 
stannic chloride in dilute solution during the analyses was 
prevented by the addition of oxalic acid or tartaric acid* 
All the usual precautions were taken. 

Fifteen concordant analyses of fifteen separate, fractions 
of stannic chloride give for the atomic weight of tin a 
mean value approximating closely to 11870. r 

Discussion. *. 

Dr.. Scott remarked that previous determinations of the 
atomic weight of tin seemed to Centre round one or other 
of the. numbers xxfi and X19. The earlier experiments 
pointed to the lower number, whilst the later very concor- 
dant results bf Bongartz and Classen (who employed five 
different ratios) seemed to indicate the higher number as 
the true value. A thorough revision on modern lines was 
therefore urgently needed, and he was glad the author had 
undertaken this work, even although that had resulted in 
a value between the two whole numbers given, thus, re? 
moving tin from the list of elements the atomic weight of 
which closely approximated to a whole number* 

The obvious method of determining the atomic weight 
of an element by converting it into an. oxide, or a lower 
oxide into a higher one (or the reverse process), too often 
gave unsatisfactory results, especially when., the element 
formed a series of oxides. This suggested that perhaps a 
series of chlorides might be no better, and the higher 
chloride might be the most unsuitable when the behaviour 
of the higher chlorides oL mercury, antimony, and phos- 
phorus on, vaporisation was recalled*. The author de- 
pended almost entirely On fractional distillation for the 
purification of his stannic chloride. Dr. Scott agreed with 
the author that the methods, as well as some of thesubr 
stances, employed by Bongartz and Classen were almost 
certain to give too high results* 

In reply to the .President, Mr. Briscoe stated that it 
was not to be supposed that liquid chlorine supplied ik 
steel cylinders was entirely free from impurity, but that 
such impurity, if present, ymuld be eliminated, during, the 
subsequent fractionation of the' stannic chloride* In any 
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case, the purity of the chlorine was probably of the same 
order as that of the tin. 

- Replying to Dr. Scott, the author said that the diffi- 
culties attending the fractionation in a vacuum were such 
that the investigation of the original end-fractions, in 
which the impurities might have been expected to accumu- 
late, was not undertaken. ' . 

The possibility that stannic chloride might dissociate 
into stannous chloride and chlorine had not been over- 
looked, but considering that the distillations took place 
below 30®, and that the chloride was, in most cases, con- 
densed at the temperature of liquid air, it seemed likely 
that ho dissociation occurred, or that if it did occur, the 
chlorine would be eliminated in the early fractions. 

With reference to Dr. Senter^s criticism that only one 
substance, stannic chloride, was analysed, it was pointed 
out that tin formed so few compounds suitable for precise 
manipulation or analysis that the choice of ratios was very 
limited. 

*288. “ The Isomerism oj the Oximes . Part. VI. p- 
Dimethylaminobenzaldoxime By Oscar Lisle Brady 
and Frederick Percy Dunn. 

Contrary to expectation it has been found that 
^-dimethylaminobenzaldoxime exists only in the onft-form, 
all attempts to prepare its isomeride having failed. The 
diphenylcarbamyl derivative, however, like the diphenyl- 
carbamyl derivatives of other aromatic aldoximes, has the 
^-configuration j on the other hand, it is possible to 
obtain two carbanilina-derivatives, one of anti- and the 
other of sy»-structure. 

Discussion. 

In reply to Dr. Forster, Mr. Brady said that the ques- 
tion of inner-salt formation had .been Considered, but the 
authors were of opinion that this Vvould not take place in 
the presence of the excess of hydrogen chloride in the 
formation of ’the hydrochloride. The possibility of salt- 
formation at the dimethylamino- in preference to the 
oximmo-group seemed to be unlikely in view of the fact 
that an identical hydrochloride was obtained by the action 
of the oxime with hydrogen chloride and by heating the 
aldehyde to 50° in alcoholic solution with hydroxylaraine 
hydrochloride. 

*289. “ Organo-derivatives of Bismuth . Part II. The 
Stability of Derivatives of Quinquivalent Bismuth” By 
Frederick Challenger and Charles Frederick 
Allpress. 

By the action of iodine monochloride or monobromide 
on triphettylbismuthine, iodobenzene and diphenyl - 
chloroUsmuthine, BiPbaCl, or diphenylbromobismuthine 
respectively are produced. 

D.iphenychloroblsmuthine (m. p. 184 — 185°) has also 
been prepared from triphenylbismutbine and bismuth 
chloride, and by boiling triphenylbismuthine dichloride 
with benzene. 

; By the action of iodine on triphenylbismuthine, iodo- 
benzene, diphenyliodobismntbine, and a red. compound 
containing more than 50 per cent of iodine are formed. 
The latter undergoes decomposition on extraction with 
hot benzene, yielding bismuth iodide. 

With cyanogen iodide, triphenylbismuthine gives theo- 
retical yields of iodobenzene and diphenylcyanobismuthine , 
BiFhftCN, which melts and decomposes at about 2x0°. 

When tri-a-naphthylbismuthine reacts with iodine, a 
portion is converted into iodonaphthalene and bismuth 
iodide, whilst some of the bismuthine is recovered un- 
changed. 

With iodine monochloride or, monobromide at least 75 
per cent of the theoretical yield of iodonaphthalene is ob- 
tained, and this is also formed by the action of iodine 
monoehloride on diphenyl-a-naphthylbismuthine. 

Iodine monochloride and diphenylbromobismuthine inter- 
act with the production of iodobenzene and phenyl- 
chlorobromobismuthine. 


Discussion. 

In reply to Dr. Forster, Dr* Challenger stated that the 
experimental difficulties connected with the manipulation 
of the trialkylbismuthines were considerable, and that in 
the presence of air these substances could not be pre- 
pared by the action of magnesium alkyl haloids on bis- 
muth bromide, owing to oxidation. The same was true of 
the action of magnesium benzyl chloride and magnesium 
cyclohexyl bromide. 

Attempts to prepare diphenyletbylbismuthine, by the 
action of magnesium ethyl bromide on diphenylbromo* 
bismuthine led to the formation of triethyl- and triphenyl- 
bismiithines. 

290. “ The Reduction of Cupric Salts by Sugars By 
William Cramer. 

The reduction of cupric salts by sugars in alkaline 
solution proceeds readily as far as metallic copper. The 
formation of cuprous oxide, which is usually regarded as 
the end-point of the reaction, is only an intermediate 
stage at which the reaction may be stopped by using an 
excess of the cupric salt* 

291. “ Some Properties of Solutions of the Boric Acids in 
Alcohol, A Modified Boiling-point Apparatus * rt By 
James Brierley Firth and James Eckerslby Myers* 

A form of boiling-point apparatus was described by 
which trustworthy and steady readings may be obtained. 
It is found that the addition of small quantities of ortho- 
and meta boric acids and boron trioxide to ethyl alcohol 
causes a lowering of the boiling-point. The volatilities 
of solutions of these three substances in alcohol have 
been measured, and it is found that tbe effect on the 
boiling-point is least with the most volatile solute and 
vice versa. 

292. "A New Method of Preparing Alkylated Sugars ” 
By Walter Norman Haworth. 

The methods hitherto available for the alkylation of 
sugars and the simple carbohydrates generally have in- 
volved the application of alkyl iodides and dry silver 
oxide, which reagents were first employed for the etheri- 
fication of sugars by Purdie and Irvine (Trans,, X903. 
lxxxiii*, xoat). 

It has now been observed that practically all the methyl- 
ated sugar derivatives obtained in the St* Andrew** 
laboratories during the past twelve years can be prepared 
conveniently and expeditiously by the agency, under care- 
fully chosen conditions, of methyl sulphate and com- 
mercial sodium hydroxide. Other sugar derivatives, not 
previously described, have also been .prepared by this 
method* 

An important fact, which emerges as the result of this 
investigation, is, that methylation of the hydroxyl groups 
of a sugar-chain proceeds in definite stages, drtain groups 
displaying a tendency to undergo etherification 1 in pre* 
ference to others* These partly methylated sugars are 
well characterised, homogeneous substances, which are 
formed as intermediate stages of tbe methylation process. 
The subjoined list of compounds, which were described, 
serves to illustrate this point 

Heptametbyl sucrose b. p. 19370’ x8 mm. 

Octamethyl sucrose b. p. 1760/0*05 mm. 

Tetramethyl methylglucoside . , b. p. xo87o-x mm. 

Trimethyl methylglucoside * , b. p* mm. 

Tetramethyl glucose p, 84 0 * 

Tetramethyl methylgalactoside* . b. p* no°/o *15 mm. 

Trimethyl methylgaiactOBide . * b* p. 154718 mm. 

Tetramethyl methylmannoside , . b. p. x 1070-33 mm. 

Trimethyl methylmannoside . . b. p* X550/16 mm. 

Dimethyl salicin , . p, 122°, 

Monomethyltartaric acid . . . , m. p. 174 0 . 

and various methyl derivatives of mannitol and lactose. 

These substances have been characterised by their 
various physical properties, and with this improved 
means of preparation they are now rendered estslly 
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accessible for purposes of synthetic and other work which 
is in progress. 

203. “ The Rate or Saponification of Derivatives of Ethyl 
Benzoate .** By Hamilton McCombie and Harold 
Archibald Scarborough. . , . f ’ 

The rate of saponification of derivatives of ethyl ben- 
aoate by potassium hydroxide in absolute ethyl alcohol 
has been studied at 30°. The influence of halogen sub- 
stituents is to raise the velocity of saponification in com* 
parison with the unsubstituted ester, whilst hydroxyl, 
amino- and methyl groups have a strong retarding effect. 
The values obtained for bromo-substituted esters are a 
mean between those for the corresponding chloro- and 
iodo- derivatives, even in the exceptional case of the para* 
substituted compounds, where the iodo-ester is saponified 
more rapidly than the chloro-compound. 

- The influence of water on the rate of saponification of 
ethyl benzoate Was also studied, and it was found that on 
TnCreasinif the- Quantity of Water, the value of k increased 
; as follows:— 

, In absolute alcohol, 0*00543. 

In 73*4 per cent alcohol, &»o*o8i. 

In 6o*o per cent alcohol, k**cri$. 


204. “ Contribution to our Knowledge of Semicarbazones 

Part IV. Action of Hydrogen Chloride .” By Forsyth 
James Wilson, Isidor Morris Heilbron, and Maggie 
Millen Jeffs Sutherland. k A . 

The action of hydrogen chloride on varying types of 
semicarbazones and phenylsemicarbazones results in the 
formation of coloured or colourless salts containing 1,1*, 
2, or 2i molecular proportions of hydrogen chloride, which 
Show different degrees of stability. The monohydro- 
chlorides are more stable than the dihydrochlorides, whilst 
those containing molecular proportions of hydrogen 
chloride intermediate between x, 2, and 3 are extremely 
unstable and. tend to lose hydrogen chloride, giving stable 
monohydrochlorides. For example, a-piperonylidene* 
acetonesemicarbazone gives an unstable, vermilion salt 
containing 2IHCI, which rapidly loses hydrogen ch onde 
. until ih molecular proportions are lost, when a stable, 
oranee salt is obtained. Acetonesemicarbazone gives a 
colourless salt containing rlHCl, which is 
tending to form a stable salt containing iHCl* baits 
were prepared from cinnamaldehydesemicarbazone, 
acetonesemicarbazone, acetophenonesemicarbazone, ana 
benzaldehydesemicarbazone, and also from the corre- 
sponding phenylsemlcarbssones. 

205. ‘‘Attempts to Resolve Metallic Salts' of Amintb 
acids tad other Co-ordinated Compounds. (Preliminary 
Note). By Thomas Vipond Barker. 

Since the publication of a previous paper on co-ordina- 
' tion, isomorphism, and valency (Trans., igia, ci., 2484), 
the author has been engaged in attempts to effect certain 
optical resolutions in the province of co-ordinated com- 
pounds, tn view of the fact that the anticipated molecular 
configurations present some novel features of interest, 
which may have applications m other branches of 
chemistry, *it is possible that a short notice may be of 
. some value to other workers. Further, the fact that the. 
attempted resolutions have so far been unsuccessful, makes 
it likely that two or three years may elapse before the 
’ author has had time to work through the whole of the 
material he has in view, which circumstance makes it 

the application of Werners theory of subsidiary valency 
is* the satisfactory theoretical interpretation it provides for 
the abnormal character of many complex salts. The 
. violet-blue colour of the copper salts of glycme and of 
certain trtber amino-acids is accompanied by an abnor 
xnally low electrical conductivity in aqueous solutions r the 
latte? anomaly is also characteristic of the corresponding 
‘salts of tervalent cobalt, and has led Ley to the con- 
elusion that the nitrogen atom of the amino-group is com- 


bined to the metal by virtue of a subsidiary valency, 
whereby a cyclic structure is produced. The graphic 
formula of copper glycine may therefore be represented 

thus : NH^CH a -CO a *iu-COa»CHa*NHa, which it will be 

convenient to abbreviate to— 




in which the arrow head denotes the nitrogen attachment. 

Now if the above formula is spacially contained in a 
single plane there is obviously no, prospect of molecular _ 
enantioraorphism, but if, as seems likely, the four points 
of attachment are tetrahedrally arranged round the copper, 
the configuration is not identical with its mirror image. 
Any successful resolution, then, of copper glycine into 
optically active components would involve the definite 
proof that Ley’s interpretation is correct, but it would 
also have the following additional and, in the author’s 
opinion, more fundamental consequences : (i) Although 
everyone is forced to admit that Werner’s resolutions 
prove the subsistence of enantiomorphous configurations, 
there appears to be some reluctance in accepting all the 
theoretical consequences, or, at any rate, those involved 
in Werner’s interpretation. In so far as this reluctance is 
due to the fact that there is in every one of Werner’s 
cases an unco-ordinated part, the chemical relation and 
spacial position of which, with regard to the nucleus, are 
quite vague, there could be no such scepticism in a case 
like copper glycine, since every part of the formula, 
except the nitrogen attachment, is precisely settled by the 
structure theory of organic chemistry, and molecular 
enantiomorphism would in itself demand this nitrogen 
attachment. (2) Although enantiomorphous, the molecule 
would contain no asymmetric atom, for the copper would 
possess a two-fold axis of symmetry ; the whole molecule 
would really present an instance of Werner’s so-called 
“molecular asymmetry I,* which term is, however, 
obviously misleading since the molecule is symmetrical.- 

It need scarcely be emphasised that the same enantio- 
morphous features are theoretically realisable in the copper 
(nickel, palladium, platinum) salts of the homologues of 
glycine. Moreover, it is possible to. foresee additional 
Herns of interest ; with sarcosine, CHg’NH'CHa^COaH, 
the nitrogen would be united to Jour different groups, 
which, if tetrahedrally arranged, will confer on it asym- 
metry. Again, with a-alanine there is a theoretical aug- 
mentation of the number of isomerides ; if a d- and an 
Z-molecule unite with the same copper, internal compensa- 
tion will be prevented by the tetrahedral arrangement, and 
there may therefore be two pairs of enantiomorphous con- 
figurations, Cu dd % Cuff, and Curff, Cufd. 

With regard to the salts of the tervalent metals, it may 
be mentioned that Ley actually obtained two “ stereo- 
isomer ides,” one of which he referred to a cis -trans- 
form of the octahedral structure. This . supposition is 
somewhat unlikely and entirely unnecessary, for two 
stereoisomerides, each endowed with enantiomorphous 
possibilities, are realisable by, the employment of cis- 
configurations, owing to the fact that the 
group •• <NH 2 *CH a ’Q 0 r~, .Unlike ethylenediamine, 
—NHa’CHa’CHa’NH^-jis in itself unsymmetrical. Thus 
we may have— 



Enantiomorphous pair of symmetrical cobalt glycine. 
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■ Rnantiomorphous pair of tinsymmetrical cobalt glycine. 

Very similar features of theoretical interest may again 
be expected in the class of the metallic dithiocarbamates 
about which there can scarcely linger any constitutional 
obscurities in view of the very convincing work of 
DelSpine. These substances possess considerable crystal- 
lising powers, a fact which the author has been able to 
verify. Finally, there is the very important group of com- 
pounds, investigated by Tachugaev, which may be repre- 
sented by formulae of the types Pt(DH) a and 

Co(DHa), in which DH signifies the following residue 
■of diacetyldioxime— 

ch 3 *c c*ch 3 

II II 

-NOH NO- 

Although many other cases could be cited, the above 
enumeration would appear to complete the list of sub- 
stances which may be considered suitable, both by reason 
of their accessibility and crystallising power. The author 
would emphasise the fundamental feature common to all, 
namely, their neutral character, which has its origin in the 
perfect saturation of all the valencies, both principal and 
subsidiary, within the co-ordination sphere. Although 
obviously enhancing the theoretical value of any optical 
resolution, the neutral character of the substances in 
question introduces considerable difficulties in the 
technique, for the employment of an optically active base 
or acid is but of the question. There only remains the 
method of spontaneous crystallisation, or, in other words, 
the chance that the substances may resolve themselves. 
.As already mentioned, no positive success can be recorded 
up to the present ; certain of the substances, including the 
atereoisomeric cobalt glycines, have been definitely 
abandoned. 

In conclusion, it may be pointed out that the above 
stereochemical considerations lead immediately to the 
theoretical possibility of a novel kind of molecular 
enantiomorphism amongst organic substances. Thus a 
CP 2v /CQ2 

compound of the type ] >C<T I although possessing 
- CQa^ x 5 f 3 

a symmetrical configuration, is nevertheless enantio- 
morphous. If the chemist will accept, the only precise 
meaning that can be given 40 the term « asymmetric 
atom,** namely, an atom devoid of all symmetry, he will 
douhtless v come to the conclusion that the above type of 
structure contains no asymmetric atom. 

296. “ Synthesis of Pinacones*” (Part II.). By William 
■ Parrv. 

The action of sulphuric* acid on some of the unsym* 
metrical pinacones described in Part I. ( Trdns », 19x1, 
xcix., 1169) has been studied. 

(1) 88 -Dimethylhexan-y-one, CMe a Et’COEt, obtained 
when B-methyl-y-ethylpentane-By-diol is heated with 
dilute sulphuric acid, is a colourless oil with an odour of 
peppermint, boiling at 148— 1527773 mm. On oxidation 
with chromic acid mixture it yields (i.) carbon dioxide, 
(ii.) acetic acid, (iii.) aa dimethylbutyric acid, 
CMesEt'COsH, thus proving its constitution. 

(2) ti-Dimethylocfan-S-om, CMeaPra/COPr*, obtained 
by the action of cold concentrated sulphuric acid on 0- 
methyl-y-propylhexane-i8y r -diol, is a colourless oil with a 
faint odour of peppermint, and boilsat 182— xS6°ly6s mm, 
The semfoarbaxone forms white needles, melting at X45 0 . 

The constitution of the pinacolin is proved by its oxida- 
tion to (t.) acetic and propionic acids by chromic acid 


mixture, (ii.) oa-dimethylvaleric acid, CMe a Pr<t*CO*H, by 
chromic acid in glacial actic acid. 

(3) The pinacone, OH'CMea’C^CjHuJz’OH, is obtained 
by the interaction ol magnesium isoamyl bromide and ethyl 
a hydroxyisobutyrate ; it forms white, waxy needles, 
melting at 34-35°. By cold concentrated sulphuric 
acid it is converted into p ((i-tetramethyhlecan ■ t -one, 
CsHn’CMea'CO-CsHn, a yellow oh, boiling at 
132 — 1 3 4 0 / 25 mm., which does not form a semicarbasone. 
The constitution of this pinatolin is pioved hy its oxida- 
tion to (i.) isovaleric acid, by chromic acid mixtuxe; (ii.) 
aad-trimethylhexoic acid, CjHirCMea'COaH, by chromic 1 
acid m glacial acetic acid. 

(4) yy-Diphenylbutan-B-one, CMePb a *COMe, is ob- 

tained as a yellow oil, b. p. x8o°/x8 mm., when r a- 
diphenyl-g-methylpropane-ag-diol is heated with dilute 
sulphuric acid. It solidifies when seeded with a crystal of the 
acetophenonepinacolin described by Thoerner and £incke 
(Ber, y 1878, xi., xg8g), and then melts at 41°, thus proving 
the identity of the two pinacolins. Further confirmation 
of this identity is afforded by the oxidation of the yellow 
oil to aa-diphenylpropionic Acid, CMePh*'PO*H, by 
chromic acid mixture, ^ 

297. u SubsliluHon in Aromatic Hydroxy impounds* 
Part II. AcctyUnitro -substitution ” By Victor John 
Harding, 

An account was given of the action of nitric add on , 
various methoxyacetophenones. In those cases where the 
acetyl group occupies a position which, in the parent 
phenol ether, is active to nitric acid, it is found that the 
acetyl group is displaced by the nitro-group. This b 
termed acetyl-nitro-substitution. The following aceto- 
phenones are found to undergo this substitution ? (a) 
3 : 4-dimethoxyacetophenone, (6) 4 : 5*dimethoxy-o-tolyl 
methyl ketpne, (0) 3:4: 5-trimethoxyacetophenone : 
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Where the acetvl group occupies a position which, in 
the parent phenol ether, is inactive to nitric acid, it is 
found that a nitroketone is produced, Thus 3:3:4- 
trimethoxyacetophenone on nitration gives 6nitro?a ; 3 ; 4* 
trimethoxyacetophenone, and not 4-nitropyrogftlloI 
trimethyl ether : 
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TARIFFS, FREE TRADE, AND INDUSTRY.* 

, By J. TAYLOR PEDDIE, F.S.S, 

The problems of Tariffs and Free Trade have always 
afforded keen subjects, for debate in and outside Parlia- 
ment and amongst individuals. But the one outstanding 
feature in all the debates and discussions that have taken 
place is the extraordinary explanations that have been 
given by , the average politicians in favour of their theories. 
We are reminded of the truism we have read somewhere, 
that **, explanations -do not survive ; it is the things which 
are explained.”* 

In discussing such highly technical subjects one would 
have imagined that the solutions, if such were required, 
would have been left to the technologist. If we desire to 
be cured of any physical weakness we go to our family 
physician ; if we require information upon any subject 
relating to chemistry we go to the chemist; if we 
require advice on banking we go to the banker ; and in 
engineering we to go the engineer. But on the subject of 
tariffs dr free trade we go to the politician, and believe be 
possesses the last word in political economy, or, as it is 
now termed, National Economics. The specialist - is not 
considered or consulted in this sphere of activity. 

We are not now offering criticism against the views of 
either Free Traders or Tariff Reformers, but merely en- 
deavouring to demonstrate that the regulation of the 
working conditions in which industry operates should, be 
left to the technologist. The standardisation of these 
working conditions are much too complex for the ordinary 
layman to solve or appreciate. It is difficult to understand 
why such important business questions as these have 
been left in the cockpit of party politics so long ; perhaps 
it is due to our admittedly weak educational system, but 
whatever the cause it must be removed, It is quite clear 
that rfo definite line can be drawn across the centre of these 
problems; viewed from the standpoint of business they 
arejndivisible questions, and any difficulty that may arise 
thereunder should be considered purely on its merit, upon 
thq employment it will give to labour, and upon the reflex 
action it may have on the other industries. 

"Viftfarenat inclined to whhlly agree with the view of 
J, B. Say, that the history of political economy is of 
little value, being for the moat part a record of absurd 
and justly exploded opinions. History has a good deal 
to teach us as to the manner by which we have arrived 
at our present position. If any fault is to be found on 
the historical side, it may be found in the fact that the 
study of the science of political economy has not reyerted 
to the technologist sooner. : Our general .knowledge of 
economics has for, the most part come to us from authors 
who have been largely engaged in the development of 
political constitutions, and which, incidentally r has. led to 
a study of the conditions that were requisite to improve 
the lot of the individuals in the State. But we have to 
be thankful to the political economists for such knowledge 
as we possess, even although many of their theories have 
been exploded. 

" The world’s industry has grown up under the guidance 
of the political economists of the kind described, but with 
the. advance of science -and education conditions have 
nebessarily changed. The leading industrialists of to-day, 
pwing to the advance of science and education, now hold 
''superior positions, and are consequently in a position 
. to state precisely what working conditions are essential 
to procure the maximum production . of wealth from 
industry* » - ■ : ■ / - ' 1 . ~ . 1 • ■ 

‘ „ v * ; Read atthe Inatitute of Industry and Commerce. 


j Such criticisms as we have to offer, of course, refer only 
to the working conditions surrounding our own industries, 
and not to those surrounding German industry, in which 
latter country theoretical views have long since been dis- 
carded for the technical and practical. ' 

The Germans have been quietly aggressive in this 
sphere of activity for some considerable time, but they 
are not to be blamed for that ; rather are they to be com- 
mended. Had German Industrialists not allowed German 
Military Society to remain supreme, they would undoubt- 
edly as a nation have gained supremacy in production ; 
but, tied to the Military school, and obsessed with the idea 
that such attachment would seal the fate of Great Britain 
and France, and ultimately lead to considerable expan- 
sions of their businesses, have lost them their opportunity, 
and they richly deserve their fate. German Industrialists 
ought to have realised that the supremacy of Militarism 
leads to a low estimate of industry, and those engaged 
directly or indirectly in it. Not only that, but industry is 
made to slave for militarism when the latter is supreme ; 
it can be seen, therefore, that Buch a condition of affairs 
is a relic of ancient and mediaeval history, and certainly 
not suitable for this age of enlightenment ; but it would 
not be possible under the Democratic and Monarchical 
style of government, such as we have in Great Britain. It 
is only possible under Absolute Monarchism. 

In Sir William Ramsay’s short thesis on u German 
Methods in Commerce,” issued by the Institute of In- 
dustry and Commerce, he states that “the German 
military organisation bad its counterpart in their commer- , 
cial organisation ; that there exists an Imperial Council* 
whose proceedings are kept quiet, but which takes into 
consideration all obtainable statistics, and, as far aB pos- 
sible, legislates, or endeavours to legislate, on the basis of 
these statistics. Where fiscal duties are found to be 
required, such a Council puts them on ; where there is an 
advantage in taking them off, they are removed. Where 
cheap transit is possible they give it, for the railways are 
the property of the State.” Sir William Ramsay further 
adds : — “ Is it to be expected that any country can fight 
such a combination as that without adopting, at all events, 
something of their methods, or without studying their 
methods, and without combining together, if not to imitate 
them, at least to thwart them ? ” . 

This knowledge has been known in a limited circle 
in Britain for some years past, but the voices that issued 
the warnings Were crying in the wilderness of apathy. 
The average Britisher exhibits a horribly apathetic attitude 
towards conditions which exist outside of his own business, 
and it is to be boped that the Great War will now open 
up )his mind to the fact that national organisation in in- 
dustry is as essential as the national organisation we now 
have in our military and naval forces. The formula of 
organisation within organisation must be studied, and 
the working conditions which are necessary to make it a 
success. 

A proper study of the science of production, distribu- 
tion, and management, however, cannot be effected 
without considering the relations of Free Trade and 
Tariffs thereto ; they form part of the whole question. 
But certain essentials require to be defined in order to 
clear the ground and open up the field to impartial con- 
sideration, and in doing this we fulfil the purpose of this 
article. 

At Free Trade and Tariff Reform meetings politicians 
are often asked the question/ ft What is raw material ? ” 
To very many the question is a thorny one, and the expla- 
nations often given have seldom been convincing. We 
trust politicians will take no offence at these remarks ; 
they are put forward as evidence only against the continu- 
ance of the present system. The proper interpretation of 
u What is raw material ? ” is as follows Raw material 
is the agent of production —*•*«, substance or matter in its 
lowest form of utility, such as iron ore, cowhides, raw 
cotton, coal, corn, wneat, barley, tea, coffee-beans, cocoa- 
beans, oil, &c„ &c., add the moment either of these sub- 
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stances is subjected to a development process, which velopment of taw material into higher-form utilities, 
implies the inclusion of labour, it ceases to be raw material Therefore, it must not be assumed that in the purchase of 
and becomes material. The intermediate stages have material or other articles of utility the consumer, by being 
always been overlooked, and the distinction must be care- limited to a given source for the satisfaction of his require- 
fully 'noted; Examples are given as follows Iron ore is ments, must pay more in consequence. To more clearly 
a raw material, the pig iron produced therefrom is define the point; it may be stated that a machine tool can 
material * the steel produced from the pig-iron is still be purchased as cheaply in America, notwithstanding the 
material,’ or may be termed advanced material ; the high American duty, as it can be in England, and in some 
machine produced from the steel is not looked upon as cases cheaper. If a British machine-tool manufacturer de- 
, material, but as an article of utility. In other words, the sires to compete in America he must pay the cost Of the 
more labour that is employed in the converting processes American duty ; the cost of production in America is 
the more do you get away from the raw material stage, about equal to that prevailing in England—hence the 
To bring it nearer home we will take the case of cow reason ; and it is attributable to the fact that labour corn- 
hides ; these are raw material, but the moment they are petes with labour. The Ford motor car is manufactured 
converted into leather they become material, and the and sold more cheaply in America, with a substantial 
moment leather is converted into boots, what do you call margin of profit, than any car of a similar kind can be 
them ? Not raw material, material, or advanced material, manufactured and sold in England— for the same 
but boots— articles of utility, made to satiate the wants of reason. 

man . American manufacturers of articles of utility do nothope 

To make the point a little more clear, the following to increase the price of their production by the amount of 
quotation from the book written by Prof. Charles Lee the tariff or any portion thereof, and the same argument 
Kaper may be helpful, namely " The vast quantities of applies to other manufacturers in other countries ; but it 
raw material which are supplied by the agriculturist and can be assumed that in the purchase of tea the consumer 
miner must be transformed into higher form utilities must pay any import tax that Is imposed, for the reason, 
before they can be of the greatest service and pleasure to as already stated, that labour cannot compete with nature 
man. The consumer does not eat wheat in its raw or in Ceylon and other Eastern countries in the production of 
elementary form. It must be transformed by the miller tea*, supply is limited to a season’s crop. ' 
into flour, and the dour must; he convened into bread. , It is the duty of the Etate, therefore, to ensure that no 
Raw cotton fibre cannot satiate man's want for clothing, monopoly is created in the supply ,of any given kind of raw 
ft must be carded, spun, and woven ; it must be made material, and to ensure that no tariff duty is imposed bn, 
into some form of cloth before man wears it upon his the importation of it; but this statement, as already indi- 
' body. From the cotton fields it must go to the gin, cated, does not apply to material, advanced material, or 
where the fibre is straightened; from the carding-toom it other articles of utility in cases where it maybe considered 
must go to the spinning machine, where this straightened necessary. The latter proposition is safeguarded by the 
fibre is stretched and twisted into thread or yarn ; from first. 

„ the spinning machine it must go to the loom, where it is There are certain wealthy corporations which exist for 
woven into cloth ; from the weaving-room it must go to the purpose of creating monopolies in what is herein 
the bleaching and dyeing rooms, where it receives the de- termed as raw material ; but these should be broken up by 
sired colours. In all these stages is the manufacturer ; in the State, for they are a menace to cheap production, 
all of these stages is the man who, by means of all of the The community at large pay them huge profits to which 
agents of . production, transforms, time and again, the they are not entitled. On the other hand, large corporations 
elementary forms of cotton until they become the thousands which exist for the purpose of developing material, ad- 
of varieties of the higher forms of cotton fabric. This vanced material, or other articles of utility should be left 
life-history of the cotton fabric is substantially the life- alone, for it is impossible for them to create monopoly 
history of every other kind of finished goods. As we have prices and unreasonable profits, for the reason that labour 
already said, production is a process of creating forms of competes with labour. Whatever profits may be earned by 
. things, not material things themselves. The agriculturist the latter group may be considered as being the reward of 
and miner produce forms of utilities, or wealth, which we enterprise. If profits are continuously large competition 
call elementary. The manufacturer changes these elemen- will set in, and profits will become reduced in proportion to 
tary forms into higher forms ; he creates the higher form the extent of the competition. 

utilities.” , It will now, we hope, be seen that the questions we are 

The importance of this great question to labour and now discussing properly belong to and form part of " First 
capital, therefore, will, we hope, not be overlooked, for Principles of Production,” and we trust that the consider*- 
they are the forces directly concerned. The interests of tion now given to them may be instrumental in relegating 
both in questions relating to production, and especially in their future development to the technologists. As we have 
the acquisition of raw material, are identical. Any ques- already stated, viewed from the standpoint of industry the 
tion which may prejudicially affect one interest must affect problems of Free Trade and Tariffs are indivisible ques- 
the other interest. So we come to see how essential it lions, and the problem as to whether one side or the other 
is that all the forces employed in industry should be co- is of the most benefit to industry should not be left to the 
operative, and also that the formula of organisation within ordinary layman to decide, but to the leaders of industry in 
organisation on national lines is as beneficial to the one consultation with the Government, 
as it is to the other. 

Another important question asked by Tariff Reformers a agam-a......... - — — 

and Free Traders is the following: "Is the burden of a 

tariff entirely borne by the consumer, or is it entirely borne Cultivation of Medicinal Plants for the Drug 
by the manufacturer responsible for the shipment of the Market. -The attention of all who are interested in this 
goods ? ” It may seem paradoxical, but the reply to this subject may be called to an article thereon by Dr. 
question follows the reply given to "What is raw W. W. Stockberger, the physiologist in charge of Drug- 
material?” One is a corollary of the other, and the plant and Poisonous-plant Investigations, Bureau of Plant 
answer may be given as follows, namely : — If a tax is im- Industry of the United States Department of Agriculture, 
posed on what is herein defined as raw material the con- which is published in the American Journal of Pharmacy 
sumer pays dhe tax.. But a tax imposed on material or for November, 1914. Although the author does not 
* other articles of utility is paid by the shipper in the country enter into great detail he corrects some popular errors 
of origin. # The reason why this is so is that labour cannot concerning the scope and function of such gardens, and 
compete with nature in the production of minerals or food makes some suggestions which may extend their 
products, but labour can compete with labour in the de- usefulness. 
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ON SALTS COLOURED BY CATHODE RAYS.* 
By Prof. E. GOLDSTEIN. 

Perhaps a part of .the phenomena which I am about to 
discuss is already familiar to you all. I shall not bring 
forward many hypotheses. So you will, perhaps, ask why 
I should speak at all. And, in fact, apart from reference 
to certain facts not published hitherto, my intention is 
mainly to invite the interest of men younger and abler 
than myself in a class of phenomena which seem to con- 
stitute a new condition of matter, but on which very few 
have yet worked. 

If cathode rays fall on certain salts— for example, 
.common salt* or chloride of potassium, or potassium 
brwnide— -vivid colours are produced immediately on these 
salts (E. Goldstein; Wiedem. Ann., liv. 371; lx., 491; 
Phys. Zeitschr., |ii., 149 : SiUmgsber. Ber. Akad. d 
Wtss., 1901, 222). Thus common salt becomes yellow- 
brown (like amber), potassium chloride turns into a 
beautiful violet, potassium bromide becomes a deep blue 
colour quite like copper sulphate* Here you see a speci- 
men of common salt transformed in this way on the surface 
of the single crystals into a yellow-brown substance. I 
show also sodium fluoride, which takes a fine rosy colour. 

The colours so acquired in a very small fraction. of a 
second may be preserved for a long time, even for many 
years, if the coloured substances are kept in the dark and 
at low temperatures ; but in the daylight, and also under 
heat, the colours will gradually; disappear until the original 
white condition is reached again. 

. The colours of different salts are sensitive to heating in 
a very different degree. I could show you the yellow 
sodium chloride, prepared some months ago in Europe, 
but I cannot show you here the violet KC 1 and the blue 
KBr, because these colours, even in the dark, do not 
stand the heat of the equator. The same salt, if dissolved, 
may keep very different colours, according to the medium 
in which it has been dissolved, even when the pure 
i medium itself cannot be coloured at all by cathode rays. 
I am speaking of solid solutions , produced by fusing a. 
small quantity— for instance, of common salt, or of certain 
other alkali salts— together with a great mass of a salt 
which remains itself colourless in the cathode rays, as, for 
example, the pure potassium sulphate. Lithium chloride 
acquires a bright yellow colour in the cathode rays, hut if 
dissolved in potassium sulphate a lilac, hue is produced, as 
you may see in this specimen. Likewise the pure car- 
bonate of potassium acquires a reddish tint, but after 
dissolving it in the potassium sulphate it becomes a vivid 
green in the cathode rays, as you see here. 

Very small admixtures .are sufficient to produce intense 
colours. So 1/23,000 of carbonate will produce the green 
colour in the potassium sulphate ; even 1/100,000 gives a 
marked colour, and an amount of certain admixtures, 
which I estimated as i/i, 000,00a only, may produce a 
slight but quite perceptible coloration in some salts. So 
if you work with potassium, sulphate which you obtain 
from chemical factories guaranteed as chemically pure you 
may observe a set of different colours ui these preparations 
under the cathode rays, by which you will detect the 
nature of the different small admixtures which adhere to 
the pretended pure preparations of the different factories. 
In this way a new analytical proof, much more sensitive 
than the ordinary chemical methods, is obtained, and im- 
purities may be detected even when a certain specimen of 
salt contains more than, a single impurity, because the 
colours produced by different admixtures generally disap- 
pear with different speed in the daylight or under rise of 
temperature. For instance, the ordinary potassium sul- 
phate turns to a dark grey with a slight greenish tint at first, 

- After a short while the very sensitive grey will disappear, 
simply under the ordinary temperature of the laboratory 


A Paper read before Section A of the British Association at the 
Australian meeting, and ordered by the General Coraxatttec of the 
Association lio be printed in exten&o. ' From Nature, xciv.; No* 2357. 


room, and a vivid green comes out. The grey hue indi- 
cates a very small amount of sodium chloride, 1/100,000 or 
so, and the remaining green indicates the admixture of a 
carbonate. Here are some preparations Of potassium sul- 
phate, each containing a single small admixture (K 2 C 0 3 , 
L12CO3, LiCl, KC 1 , KBr).. You will notice how different 
are the colours of the originally white Substance, varying 
from green to bluish-grey, ash-grey, greyish-blue, and 
violet. M 

By fractional crystallisation one may finally get a really 
pure preparation of potassium sulphate, which is no longer 
coloured by cathode rays (or only in a very slight degree, 
indicating minimal traces of sodium chloride). But there 
are otber preparations which, so far as I know, cannot be 
acquired in pure condition by any means, not even by 
fractional crystallisation. I never came across a pure 
sodium sulphate— the , purity exists only on the manufac- 
turers' labels. . Even the best preparations of this salt 
contain an amount of sodium carbonate which up to the 
present cannbfr id separated from it, not even by frequent 
fractional cfo&allisation. The colour produced by the 
small admi xffie, which always remains, is a very marked 
ash-grey. By an intentional further addition of sodium 
carbonate the colour becomes nearly black. 

The question arises : What may be the cause of these 
colourations in pure salts and also in solid solutions of 
them ? Shortly after the colours of the alkali salts had 
been discovered an explanation was given (E. Weidemann 
and G. C. Schmidt, Wied. Ann., liv*, 618) , according to 
which the phenomenon mainly consists In a chemical 
reduction. For instance, in the case of potassium chloride 
the chlorine would be set free, while the remaining potas- 
sium is dissolved in the unaltered main quantity of the 
salt, colouring it at the same time. And it seemed a con- 
vincing proof for this theory when Giesel ( Ber . D. Ckm< 
Get., xxx,, 156), and also Kreutz, simply by heating rock 
salt in the vapours of sodium or of potassium, produced 
colours in this rock salt quite similar to those produced by 
cathode rays. It seemed that the problem was settled 
finally. However, it was soon discovered that the 
coloured Giesel aaits, although they look to the eyC quite 
like the cathode-ray salts, in all other respects behave 
quite differently. For instance : — 

(1) The cathode-ray salts, as I mentioned before, are 
very sensitive to daylight; after an exposure to diffuse 
daylight of a iew minutes— or in some salts even of 
several seconds only — the coloration diminishes, whilst 
the Giesel salts remain unaltered even when they are kept 
in full sunshine for days, or even weeks. 

(2) The cathode-ray salts, if dissolved in distilled water, 
show absolute neutral reaction; the Giesel salts are 
strongly alkaline, 

(3) The cathode-ray salts give very marked photo- 
electric effects, as Elster and Geitel (Wied. Ann., lix., 
487) observed ; the Giesel salts are quite ineffective. 

(4) In certain circumstances, which will be mentioned 
further on, the cathode-ray salts may emit a phosphores- 
cent light, the Giesel salts none at all; therefore the 
question arose again, whether there is not a marked in-/ 
ternal difference between the cathode-ray salts and the 
Giesel salts, and what is the nature of the latter ? 

1 have succeeded in settling this question, having pro* 
duced salts by cathode rays," the behaviour of which is in 
every respect absolutely identical with that of the Giesel 
salts . Yon may produce such substances if you allow the 
cathode rays to fall on the original salts, not for a short 
moment only, but for a somewhat prolonged time, until 
the salts are strongly heated . Produced In this way the 
salts will keep colours, but the substances Coloured in tiffs 
way are not sensitive to light; they show no photo-electric 
effect ; they give strong alkaline reaction, and they arenot 
suited for phosphoresence — all like the Giesel salts. It is 
quite sure, and you may test it also directly by spectro- 
scopic proof, that in this case, if, for instance, you have 
worked on sodium chloride, the chlorine is set free. Then; 
of course, an amount of free sodium is left, which dig- 
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solves itself in a deeper layer of unaltered sodium chloride, 
fjo which the cathode rays could not penetrate, I call 
these non-sensitive colours the after-colours of the second 
class, while the ordinary sensitive, after-colours, produced 
in a short time on cool salts, are called after-colours of the 

. first class'. , , ,, 

Now, if the after-colours of the second class are iden- 
tical with those of the Giesel salts, then, of course, the 
, very different substances of the first class cannot be 
also identical with the Giesel salts* Therefore the 
question arises anew, what is the nature of the first-class 
after*colaurs? . 

One Observes with regard to solid solutions that the 
first-class colours depend not only upon the metal con- 
fined: in the small admixture, but they vary greatly, for 
instance, in the case of the admixture consisting of potas- 
sium chloride or bromide or iodide. This indicates that 
the metals alone do not .cause the after-colours. It 
/becomes much more clear when we expose some ammo- 
nium salts to the cathode rays/ (The ammonium salts 
are cooled by liquid air in the discharge-tube to present 
their evaporation). Then you get Btronglyttnarked after- 
colours likewise ; for instance, ammonium chloride 
becomes yellow-greenish,: the bromide becomes yellow- 
brown, the iodide becomes brown, and the fluoride a deep 
blue. In. the daylight these colours ire ^gradually de- 
stroyed,: quitelike other after-colours of the first class. The: 
colours themselves— yellow-greenish for the chloride, 

: yellow-brown for the bromide, and so on -induce us to 
, presume that the after-colours in this case are produced by 
the haloids and not by the hypothetical ammonium 
radicle. This presumption becomes a strong conviction 
When we , Observe that also a great number of organic 
preparations which contain no metal at all (and not any 
metal-like radicle)/acqufre marked after-coloura of the first 
class in the cathode rayS alsh- (The part of the discharge- 
tube which contains the organic substances is cooled by 
liquid air) . 

,, : Then you may observe that solid acetic acid (C 3 H 4 0i) 
remains quite colourless In the cathode rays; but if you 
substitute a hydrogen atom by chlorine, the substance 
. thus produced (the monochloro-acetic acid) acquires a 
/marked yellow-green after-cokmr. If you introduce an 
atom of bromine instead of chlorine you get CaH 3 BrOa, 

: and the after-colour Is of a marked yellow; Broraoform 
^CHBrd turns into the colour of loam, and chloral 
{C3HCI3O) becomes a deep yellow. In this way we see 
that not only salts, but likewise substituted acids, substi- 
tuted hydrocarbons, and substituted aldehydes acquire 
after-colours if they contain any haloid, 
v Now, it seems highly improbable that in the case of 
. alkali saltathe eleettb-positive component fa absorbed only 
< (producing the after-colour), and that, on the other hand, 
In the ammonium salts and in the organic substances the 
electrO-hegatiVe component is efficient only. The most 
probable inference is that in each case both components 
remain and that both are efficient, but that under the same 
conditions the haloids produce a slighter colour than the 
/metals, so that iti the ca$e of the salts the haloid qolour is 
v overwhelmed by the ihetal colours J 
, Therefore we are compelled to suppose that we have 
not to deal with a decomposition in the ordinary form, by 
which the different components are finally separated from 
each- other, and at least one of them is set entirely free, 
..hut that the components detained by absorption remain at 
a quite short distance from each other, so that they may 
..easily meet again. I realise that— for instance, in the 
case of sodium chloride — -at every point of the coloured 
layer there is an atom (or perhaps a molecule) of chlorine 
' and an atom (or .a molecule) of sodium; but they cannot 
' combine, because they are fixed by absorption and dis- 
tended from each other by the absorptive power, which in 
- this case surpasses the chemical , affinity. But the absorp- 
tive power may be weakened by heating and the chemical 
affinity or the amplitude of the molecular vibrations may be 
strengthened by the energy of daylight. * I 
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If we grant these assumptions it is immediately evident 
why the reaction of all dissolved colour substances of the 
first class is a neutral one, for the two components may 
combine again and re-establish the original substance. 
The other special qualities of the first-class colours, and 
especially their differences from the Giesel salts, which 
contain the electro-positive component only, may be de- 
duced likewise from this retention of both components and 
their opportunity of meeting each other again when the 
absorptive power is weakened or the chemical affinity is 
strengthened. Now, the two components in the coloured, 
substances being distended in some degree, I propose for 
this special condition of matter the name of distention * 
If we accept this, have we created a new name only, or 
does matter in this condition really show new qualities ? 
It seems to me that we have to deal with a peculiar con- 
dition of matter, which deserves a more elaborate study 
than it has met until how. I will not enter again into 
some special qualities, which have already been mentioned 
—the photo-electric effect and so on— but Ishould like to 
point out, that: matter in the distention state, shows a 
strdngly strengthened abeottftioh of light* 

We noticed with ; regard fo Ammonium chloride the 
yellow-greenish after-polour of the chlorine* Now, cathode 
rays, as used in these experiments, will not penetrate any 
deeper than one-hundredth of a millimetre into the salt. 
In such a thin layer even pure liquefied chlorine would not 
show any perceptible colour. But, besides this, it must 
be noticed that we observe this after-colour at the tem- 
perature of liquid air, and that chlorine at this temperature, 
as Dewar and Moissan observed, is snow-white, even in 
thick layers. In a similar degree the brown colour of brd* 
mine is weakened at low temperatures. Now if, never- 
theless, we observe at this very low temperature the 
marked characteristic colours of chlorine and bromine, we 
must conclude that, the absorptive power pyiese sab- 
stances has become a multiple of its ordinary ™iie, One 
may observe this strengthening of the absorptive power 
directly in the pure sulphur. Sulphur likewise turns into 
a snow-white substance if cooled by liquid air ; but when 
the cathode rays fall on the white sulphur it takes imme- 
diately a yellow-reddish colour. It is a real after-colour, 
because at constant low temperature the colour is destroyed 
by daylight. 

Now, since the strengthening of light absorption occurs 
in this elementary substance, it becomes evident that the 
cause cannot be any chemical process but only a physical 
allotropy. The special character of this allotropy (which 
may be connected with an absorption of electrons) will not 
be entered on in a discussion here. Probably we have to 
deal with a polymerisation, so that, for instance, the 
yellow-reddish sulphur would, bq analogous to polymerised 
oxygen-fto ozone. ' , * - 

! have' mentioned alreadyjthat the first-class after -colours 
are gradually destroyed byTticidefet daylight. A peculiar 
phenomenon is connected with this destruction of colour. 
I found that after the daylight had fallen on the coloured 
substances, even for the shortest time, moat of them 
showed a marked phosphorescence, of long duration* I 
have observed this phosphorescence even in substances 
which had been coloured twelve years ago and had been 
kept in the dark since that time. The diffused dim light 
of a gloomy November day, when failing through a 
window on the coloured substance for one or two seconds 
only, is sufficient for the production of this phosphores- 
cence in a marked degree. If you allow the daylight to 
fall several times on the same spot, then the colour is 
weakened at this spot, and we come to the presumption 
that the loss of colouration is generally attended by the 
emission of phosphorescent light. , This is in accordance 
with the experience of Wiedemann and Schmidt, that if 
the destruction of the colour is produced by heating, like- 
wise a phosphorescent light is produced, which in this case 
is strong but of a short duration, corresponding to the 
quick destruction of the after-polours by strong heating. 

If the salts, after having been coloured in the condition 
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of a fine powder, and then having been put between two 
{(lass plates (in order to obtain a plane surface), are placed 
m a photographic camera instead of the photographic 
plate, you may get a fine phosphorescent picture of a land- 
scape or of architecture after a very short exposure, 

Time dotHS not allow me to mention in detail several 
other peculiarities which are shown by matter in the dis- 
tention state. In one direction only I may be allowed 
<6 make some remarks. 

The first-class after-colours may be produced not, only 
. by cathode rays but also by the ft rays of radio-active sub- 
stances, as you probably know. But they may also be 
produced by ultra-violet light — for instance, by ultra- 
violet spark light— even when a quarts plate is interposed 
between the spark and the salt. More than thirty years 
ago I brought forward a hypothesis, according to which in 
, every point where cathode rays strike a solid body a thin 

■ layer of ultra-violet light-radiating molecules is produced 
in the gas* to Which ultra-violet light of very short wave- 
lengths— for instance, the phosphorescence of the glass 
walls in the cathode rays, is due. But I came, further, to 
the assumption that nearly all effects which are commonly 
ascribed to special qualities of the cathode rays, and like- 
wise of ft rays and X-rays, are mere effects of the ultra- 
violet light which is produced by the stopping of these rays. 
I have been guided by this assumption during many years, 
and have very often been aided by it in foreseeing new 
phenomena. For instance, in this way I was, induced to 

, expect that the after^colours would be produced not only 

■ by cathode rays but also by the ordinary ultra-violet light ; 

\ further, 1 could guess that also the X-rays would produce 

after-colours (which in this case have been observed by 
Holaknecht), and in recent tifines 1 could foresee that solid 
Aromatic substances (the benzene derivatives) in the ultra* 
violet light must change their spectra of ordinary phos- 
( phorescencte, composed of broad bands, and turn to 

S eculiar spectra composed of narrow stripes, the wave- 
sngths of which are characteristic of the single aromatic 
substances (E. Goldstein, Vtrhetndl. <L D> Pnysik Oes 
xii.). So I believe, also, that the after colours are pro- 
duced hot directly by the cathode rays or by £ rays, but 
by the aforesaid ultra-violet light which is connected with 
, the stopping of the other rays. 

In this way the after-colours enter at once into a great 
class of phenomena known as reversible effects of light . 
Vou know that certain effects of the visible spectral rays 
are destroyed by rays of longer wave-lengths, by the infra- 
v tted;ray*. „ And the analogy to this phenomenon is, in , my 
opinion, the destruction of the after-colours ; they are pro- 
duced by the ultra-violet light of the stopped cathode rays, 
and are annihilated by the longer visible wave-lengths of 
daylight. In this way you may likewise understand, for 
, instance, that the coloured spots, produced by X-rays on 
the luminescent screens after long exposure, may be de- 
stroyed again by exposure of the screens to daylight. You 
may also explain the peculiar medical observation that 
therapeutic radium effects in parts of the human body not 
, covered; specially in .the face, are often not of long dura- 
tion, for the face is exposed to the counteracting, visible 
rays of daylight. , - ' 

We notice here a connection of our subject with a de- 
partment of great practical importance. For all therapeutic 
effects of X-rays, radium rays, and mesothorium rays 
would, according to this view, be effects only of ultra- 
violet light produced by the stopping of these rays in the 
human body, and the special character of the _ radium and 
, mesothorium and X-ray treatment would consist mainly m 
the Carriage into the interior of the body by the rays of 
„ the ultra-violet, light, which is not confined to the surface 
of the , body, but is produced at every place where any of 
the entering rays are -stopped. You may notice, further, 
; that this view of the medical ray-effects presents a heuristic 
method for the treatment itself, which up to the present 
-followed quite fortuitous and merely empirical paths; for 
It may be hoped that treatment by radio-active substances 
will he useful in every disease in which ultra-violet light 


has been proved to be efficient in some degree. You will 
avoid such treatment in the well-known cases in which 
light of short wave-lengths is noxious, and you may be 
justified in substituting an ultra-violet light treatment 
where radium or mesothorium is not obtainable. At the 
same time it becomes evident why the treatment of cer- 
tain diseases by the $ rays has effects very similar to those 
produced by fulguration—x hat is, by the light of very 
strong sparks ; the efficient agent is in both cases the 
u tra-violet light. 

But it cannot be a physicist's task to enter too far in 
medical questions ; it was only my intention to show how 
interesting are some of the problems which are connected 
with the salts coloured by cathode rays. 


THE WALDEN INVERSION. 

By CECIL L. MORTON, B.Sc. 

The directive action of the carboxyl groups in this in- 
version was pointed out by the writer in the issue of fhe 
Chemical News dated July 25, 1913. Up to the present 
no theory has been put forward embodying this principle, 
and all the theories published have one weak point, 
namely, the fact that complete racemisation should take 
places . 

In developingany theory three things must be carefully 
considered*— > \ - , . ' 

* i. The effect of the carboxyl groups, both when free and 
when in combination with the alcohol radicle. 

ii. The fact that all the substituents are unsaturated. 

iii. That all the reagents are unsaturated. PC 1 5 , which 
alone gives a constant reaction, is the least un- 
saturated member of the group, probably the satura- 
tion is almost complete. 

A consideration of ii. and iii. points to. the probability 
of the formation of an intermediate compound in the first 
case, the final position of the addendum depending upon 
the attractive or repulsive action of the carboxyl or ester. 

In the case of the action of phosphorus pentachloride 
on lactic acid, we have the formation of the intermediate 
compound— 

II O “ 


ei 3 p-ci 

By reason of the length of the 'addendum chain, a 
chlorine atom comes very near to position (2). As the 
hydrogen and chlorine come together the following dis« 
^ribution takes place \\ 





coon 


The momenta!? change in the valency bond (1) causes a 
temporary increase in (2), and hence the breaking of the 
bond between the carbon and the oxygen at (1) occurs at 
the same time as a linkage of the chlorine and carbon at 
(2), The position then becomes— 
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and the hydrogen migrates to (x). HC 1 splits off from the 
compound thus thrown off, leaving POCI3. 

Since the position taken up by the pentachloride is in* 
dependent of any attraction or otherwise by the carboxyl 
group, it follows that the changing of the sign must be 
a constant result. The suggestion that the carboxyl has 
little effect on the position of the addendum is based on. the 
chemical character of the pentachloride (and also on its 
Saturated nature, in that the binding forces in the inter- 
mediate compound are weak) . 

In the case of potassium hydroxide on e-chlorpropionic 
acid, the intermediate compound formed is— 



^7 COOH 


temporary redistribution caused in the valency of , this 
carbon will cause position (»)to receive a portion of this. 
I momentary excess, and this excess of valency in the posi- 
tion (2) permits of a combination— 


/ 1V 

O — Cl ■ 

\i 


As the potassium hydroxide comes into the sphere of in- 
fluence of the chlorine atom, the chlorine and the oxygen 
tend to become connected. As the potassium comes 
nearer to the chlorine, more and more of the valency con- 
centrates itself between the potassium and chlorine, and 
hence the combination between oxygen and potassium, 
oxygen and chlorine, and carbon and chlorine is 

weakened 

ycoon 


Since,; however, the effect of the carboxyl radicle is to 
attract the addendum, and that of the methyl group to 
repel it more strongly, the tendency will be for that group 
to move away from position (a). The connection between 
the oxygen and carbon will take place at (x) in preference 
to (3), and therefore there will be no change in sign. 


COOH 





and hence there will be a change in the configuration. 

The contradictory results obtained by the use of moist 
silver oxide can be accounted for in this manner. The 
silver oxide does not act in the same form as the alkali, in 
that in the experiment under consideration, the solution 
contained CO a , The addendum will therefore take the 
Ag’Ov 

form >C *0 and with a-chlorpropionic acid the in- 
Ag’O/ 

termediate compound will be— 


^OAg — 01- 



" O Ag‘ - — 01 


-Ov 

In this case the acid X>C ;0 ^puked equally by 

the carboxyl group in each of the original molecules, and 
hence the position (2) becomes the favoured one (see 
Formula A). 

The compound so formed, under the hydrolysing action 
of water, becomes that shown by Formula B. The product 
thus obtained -having an opposite configuration to that of 
the parent, 

With regard to the action of nitrous acid on the amino 
acids, the probable course is as follows Taking as the 
first example the monobasic acid d«jG-aminobutyric acid, 
which, under the influence of nitrous acid, passes into the 
M-hydroxy acid, the intermediate compound formed is— 


In the case of a di-acid, such as d-chlorsuccinic acid, the 
first stage will be as before. Now both the carboxyl 
groups will tend to attract this intermediate group ; it will 
be constrained to move in such a way as fo bring it nearer 
to (2). In this xase the weakening of the bond (x) and 
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PROCEEDINGS^ SOCIETIES. 

", - CHEMICAL SOCIETY. 

Ordinary Meeting , December 17, 1914. 

. Prof. W. H. Perkin, LL.D., F.R.S., President, 
in the Chair. 

The President referred to the loss the Society had sus- 
tained through death on November 28, 1914, of Dr. 
Johann Wilhelm Hittorf, of Munster, who was elected an 
Honorary and Foreign Member on February 6, 1908. 

It was announced that, in accordance with a decision 
of the Council, after December, 1914, the Proceedings 
would appear in a contracted form, and would be issued 
one# a month with the Journal. 

MteBsrs, J. D. Robertson, R. R. Baxter, H.'M. Spiers, 
add J. F, Levy were formally admitted Fellows of the 
Chemical Society. 

Certificates were read for the first time in favour of 
Messrs. Samuel Cuiloch Bone, 30, Long Lane, Garston, 
Liverpool ; Frederick Alfred Mason, B.A., Pb.D., ax, 
Queen Square, W.C.; Albert Parker, M.Sc., The Uni- 
versity, Birmingham ; Harold Gordon Rule, B.Sc., Pb.D., 
a, Roseneath Terrace, Edinburgh, 

The following Certificate has been authorised by. the 
Council for presentation to ballot Under By-law I (3)1 — 
James Fraser,-44, Cumballa Hilh Bombay, India. 

Of-the following papers, those marked * were read ; — . 

, *298. “ izoDibnizoylglucoxylose." By Frank Tutin. 

Power and Salway [Trans*, 1914, cv., 767, 1062) 
described a new, crystalline, bitter substance, dibenzoyl- 
glucoxylose,, which they obtained from the leaves of 
Daviesia latifolia, The present author, now finds that 
this substance Is associated with a Small proportion of a 
mare, sparingly soluble isomeride, hoDibenzoylgluco- 
#vbse t C25H28O12, crystallises in . small, .colourless 
needles, melts at 173— 174 0 , and possesses a bitter taste. 

The occurrence of rutin in Daviesia leaves has been 
confirmed, 

. , *299.; u Aromatic Selenium Compounds (Preliminary 
Note). * By Frank Lee Pyman. 

- Rather more than a year ago, at the suggestion of Dr. 
Charles Walker, of Glasgow, attempts were made to form 
the , selenium analogue of araanilic acid, namely, p 
arainophenylselenic acid, NH2*C6H 4 *Se0 3 H, in order to 
determine- its physiological action. Whilst aniline sul- 
phate and arsenate readily yield sulphanilic and arsanilic 
acid respectively at an elevated temperature, no such 
compound could be obtained from aniline selenate. It 
was found, however, that- phenylselenious acid gave on 
nitration a nitrophenylselentous acid , NCVC6H 4 *Se0 3 H 
tyellow needles, m. p. 156—157°), in good yield. This 
gave on reduction successively nitrophenyl diselenide , 

' (N03*C$H 4 *Se}2 (yellow spears, m. p. 83°), and amino- 
phenyl disetemdc, , of which the dthydrochloride was ob 
tamed in a crystalline £orm, , (HCl,NHa , C6H 4 *Se)a (yellow 
grains, m. p. 291— 292°). Aminopheny!’ diselenide 
gave on acetylation acetylaminophenyi diselenide , 
(CH 3 ’CO‘NH'C6H 4 *Se)a (yellow needles, m. p. 185—186°), 
which dissolved in concentrated nitric acid forming acetyl - 
aminophenylselenious acid , CH 3 *CO *N H •CcH 4 * Se0 2 H 
(colourless needles, m. p. 2099). From the latter com- 
pound the salts of acetylaminopnenylselentc acid were ob- 
tained on oxidation with potassium permanganate, and the 
free acid was readily hydrolysed with formation of amino - 
pkenylselenic dcid } NHa , C6H 4 , Be03H~ l 2HaO (colourless 
needles, m. p. of the anhydrous salt 229°). Whilst it 
appears probable that these substances are meta-substi- 
tuted derivatives of aromatic selenium compounds, no 
direct proof to this end has yet been, obtained, but the 
work will be resumed shortly. 

\ In the meantime it is thought desirable to give a pre- 
liminary account of the results obtained in view of the 


fact that aromatic selenium compounds are receiving 
attention from other workers (compare Lesser and Weiss, 
Ber. t 1912, xlv., 1835; 1913, xlvi,, 2640; Morgan and 
EUiott, Proc*, xxx., 248). 

Discussion. 

Professor Morgan stated that the introduction of 
selenium into the aromatic nucleus through the agency of 
the diazo-reaction in conjunction with potassium scleno- 
cyanate was applicable only m the case of diazonium 
compounds which did not yield cyclic diazo-derivatives 
when their solution was rendered alkaline or even feebly 
acidic. 

For example, the amino-group of ^-chloroaniline was 
readily replaced by selenium, but this reaction did not 
occur with 4 chloro-3-nitroaniline, the diazonium 
salt of which was converted by alkalis or even by aqueous 
sodium acetate into the comparatively stable diazo- 
anhydride— 

i-O-i 

NG a - '■ 

this product resisting completely the attack of seleno* 
cyanate* 

Dr. Tuck suggested that it might, be possible to settle 
which nitrophenpbenylsclenious acid had been obtained 
by nitration, by the preparation of the three isomerides by 
the action oi the nitrobenzenediazoniuro chlorides on 
potassium selenocyanide. This reaction should give the 
diselenide which could be converted into the ititrophenyl- 
selenious acid by oxidation or into the aminophenyl- 
selenious acid by the method described by Dr, Pyman. 

*300, “ Blue Adsorption Compounds of Iodine . PartTlI. 
Derivatives of a- and 4 -Pyroiw.” By George Bauukr 
and Walter William, Starling. 

The conditions fpr the formation of blue additive com- 
pounds of iodine with a large number of coumarin, 
chromone, xanthone, and fiavone derivative* were de- 
scribed. These blue substances are sometimes mixed 
crystals, often amorphous adsorption compounds. The 
effect of electrolytes on adsorption was discussed, and 
also the effect of the chemical constitution of the ad- 
sorbent. 

Action of Mercuric , Cupric t and Platinic 
Chlorides on Organic Sulphur Compounds By 
Praeulla Chandra Ray, 

Ethyl and ethylene mercaptans have been found to 
yield with platinic chloride chloro>mercaptides of the 
formula— 


PtCl(SEt)a-PtCl(SEt) a and C 3 H 4 :S 3 :PlCI‘8’C 3 H 4 *SH 
respectively. 

Thiocarbamide and thioacetamide under the action of 
platinic chloride at first undergo tautomeric change into 
the stable thiolic modifications, NH*‘C(:NH)-8H and : 
CH 3 *C(:NH)*SH, respectively, and then ' react 'with pla- 
tintc chloride as in the above typical instances, yielding the 
chloro~mercaptide&~~ ^ 

PtCl 3 [S*C(;NH)’NH 3 ] 2 ,HCI and 

PtCl 2 [S^C(:NH)-CH 3 ) at HCI. 
Thiosemicarbazide likewise undergoes tautomeric change/ 
and then loses a molecular proportion of ammonia, thus— 


SH-C! 


>*NH 
SH*cf | 


Nnh-nh* 

The reactive thiol group in the product is readily attacked 
by platinic chloride, giving the chbro-mercap tide, 

/ / NH \ 

ro, ( s -°<j, )” Ha 


Tautomerisation on exactly similar lines is also brought 
about by monochloroacetic acid. Similar changes are 
equally effected by cupric chloride with the formation of 
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the corresponding cupric chloromercaptides ; the Utter, 
however, are not basic, and therefore do not combine 
with hydrogen chloride. It is found that the behaviour of 
monochloroacetic acid towards thiocarbamide (Trans, > 
19x4, cv., 3x59} and other potential mercaptans is strictly 
conformable to that of platinic chloride. 

302. “ Conversion of \~Phenylchloroacetic ' Acid into 
drDiphenylsuccinic Acid,” By Alex. McKenzie, Harry 
Dugald Keith Drew, and Gerald Hargrave Martin* 

The authors have examined the action of certain 
Grignard reagents on r- and J-phenylchloroacetic acids and 
on r-phenylbromoacetic acid. The following change 
amongst others has been effected : — 

CfiHs'CH’COaH 

?-CeH<«CHCl*CO a H tf- ] 

^ co 3 h-ch^c 6 h 5 

Both the,, d- and Ja#-dihydroxy-a 03 -triphenylethanes 
Can be obtained from / mandelic acid, thus— 


(by OlHfl'MgBr) 

/-C6H 5 -CH(OH)«CO a H > 


:i 4 


(by SOCIel 

^CfiHs’CHChCOaH 


^C6H 5 *CH(OH)'C(C6H 5 ) 2 ‘OH 

(by CuHfi-MgBr) 

> 

rf-C6H 5 -CH(OH)*C(C6H 5 )a’OH 


303. u A Method of Separating the Diky droxy benzenes” 
By THOMAS Gray and George Shevas Cruikshanks. 

Quinol di-/>-nitrobenzoate is very sparingly soluble in 
acetone, whereas the corresponding, derivative of resor- 
cinol dissolves relatively easily. This property, in con- 
junction with the sparing solubility of the lead salt of 
catechol in water, supplies a^method for the, separation of. 
the three dihydroxybenaenes. 

The mixed phenols are dissolved in a small quantity k of 
water, an excess of an aqueous solution of lead acetate is 
added, and the lead salt of catechol collected. The filtrate 
is acidified with sulphuric acid, extracted with ether, and 
the phenols are recovered by evaporating the dried 
ethereal solution. The residual phenols, consisting sub- 
stantially of resorcinol and quinol, are then converted 
into di-^-nitrobensoates, and the latter are separated by 
crystallisation from acetone, The phenols may be re< 
generated from the nitrobenzoates by saponification with 
alcoholic potassium hydroxide in an atmosphere of hy- 
drogen or nitrogen, and subsequent acidification, 

Catechol dl^nitrobenzoate, CaoHxaOgNa, _ crystallises 
/Drojn afcetone in lorig, hair- like needles, melting at 164°. 
One grm. dissolves in 45000. of boiling alcohol and in 
ao cc. of boiling acetone. ' 

Resorcinol di-^nltrobenzoate forms long, hair-like 
needles, melting at x8a°. One grin, dissolves in 1000 c.c. 
Of boiling alcohol and in 45 cc* of boiling acetone. 

Quinol di~$ m nitrobenzoate forms needle-shaped crystals 
or hexagonal plates, melting at 256°. One grm. dissolves 
in 8000 cc* of boiling alcohol and in 420 cc. of boiling 
acetone. 

304, ‘ * a-Hy droxy - g-Pheny Icrotonolac tone.” By Nor wan 
Hall, James Edward Hynes, and Arthur Eapworth. 

When an attempt was made to eliminate the oximino- 
group from ««oximino-/3-phenylpropionic acid by heating 
the latter with formaldehyde and hydrochloric acid, the 
product obtained was not the expected phenylpyruvic 
acid, CgH 80 3 , but a compound having the formula 
CioHsOi, derived from phenylpyruvic acid In the following 
mariner— C9H8O3 f CH 3 0 *CjoHs03 4 * H 3 0 . 

The new compound is soluble in aqueous sodium car- 
bonate, but is precipitated from the solution by excess of 
parbon dioxide. It gives an intense green coloration in 
alcoholic solution with ferric chloride, and, in the same 
solvent* it instantaneously absorbs at least o r q mol. of 
bromine in the cold. When oxidised with hydrogen 
peroxide it yields benzoylcarbinol and oxalic acid, whilst 
on distillation it gives atropic acid and an otf which is 
probably styrene*. 


The authors consider that the substance is closely 
related to the compounds known as “ oxolactones,” but in 
view of its behaviour towards bromine and the complete 
absence of any ketonic characters, they feel confident in 
ascribing to it the enolic structure — 


CfiHg-Ci 


G(OH)-CO 
I . 

GH a — O 


As the acyl and alkyl derivatives show no ketonic pro- 
perties they probably also belong to the hydroxycrotono- 
lactone type in spite of the fact that they are inert towards 
bromine in the cold. 

305. u Preparation of Ethyl Malonate and Ethyl 
Cyanoacetate,” By Harold Archibald Scarborough. 

The following process for the preparation of ethyl 
malonate gives a much better yield than that usually 
recommended. 

In a 1500 cc. flask chloroacetic acid (xoo grms.) dis- 
solved in water (200 cc.) is warmed to 50°, neutralised 
with sodium carbonate, the solution filtered, and then 
potassium cyanide (80 grms.) is slowly added, the mixture 
being cooled from time to time so that the reaction does 
not become violent. 

After heating on the water-bath for half-an-hour the 
flask is connected with a, condenser and receiver, and the 
latter with the pump, and heated on the water-bath under 
diminished pressure until the; whole of the water has been 
removed and the mass is quite dry. (This is much better 
than the usual method of removing the water by heating 
finally at 135°, which always causes decomposition and 
loss). The almost colourless residue is gradually mixed 
with a cooled solution of alcohol (200 cc!) and sulphuric 
acid (160 cc.), and heated on the water-bath for four 
hours with frequent shaking. Water is then added, the 
ethyl malonate extracted with ether, the ethereal solution 
well washed with water and sodium carbonate, dried, the 
ether distilled off, and the ethyl malonate fractionated 
under a pressure of xoo mm., and then under ordinary 
conditions. The yield of the ester boiling at 196— 200* is 
164 grms., or 60 per cent of that theoretically possible. ' 

Preparation of Ethyl Cyanoacetate,— This ester may be 
readily prepared by a modification , of the process recom- 
mended by Kolbe and Hugo Muller (Annalen, x8&4,cxxxi», 
348, 350), Ethyl chloroacetate (100 grms,) dissolved in 
alcohol (xoo cc. of .97 per cent) . is mixed with finely 
powdered. potassium cyanide (55 grms.), gradually warmed, 
and then left until the vigorous reaction has subsided. 
The mass is then heated to boiling for fifteen minutes, the 
potassium chloride removed by filtration, and the alcohol 
removed from the crimson solution by distillation under 
diminished pressure. The residue is mixed with ether, the 
ethereal solution filtered, and, after removal of the 
ether on the water-bath, the crude product is 
distilled as rapidly as possible under diminished pressure, 
and then fractionated under ordinary conditions. The 
yield of ethyl cyanoacetate boiling at 205—208° is about 
45 per cent Of that theoretically possible. 

306! “ investigations on the dependence of Rotatory 
Power on Chemical Constitution. Part Xll. The Rota- 
tory Powers oj some Esters of Benzoic and of x- and 2- 
Naphthoic Acids . with Optically 1 Active Secondary 
Alcohols By Joseph Kenyon and Robert Howson 
Pickard. 

A description of the properties of some of the benzoates - 
and r- and a-naphthoates of <M-butanol, d-£-hexariol, d-fi* 
heptanol, d-£-octanoI, d-3-decanol, d-jB-undecanol, d-y 
non anal, and d-benzylmethylcarbinol was given. The 
optical rotatory dispersive powers of the benzoates are 
simple at low temperatures and complex at higher tem- 
peratures, as has been found also in the case of the cor- 
responding aliphatic esters. 

On the other hand, the dispersive powers' of the riaph- 
thoates are complex at ,1qw and also , at high tem- 
peratures in agreement with the J hypothesis ; pre- 
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viously pat forward that the naphthyl radicle and an 
esterined carboxylic group are each possible centres °* a 
special kind of dynamic isomerism at low and high tem- 
peratures respectively. 

307. The Optical Rotatory Power of Derivatives of 
Succinic Acid in Aqueous Solutions of Inorganic Salts . 
(Part II.). By George William Clough. 

The rotatory powers of methyl hydrogen a-tartrate, 
sodium hydrogen d-tartrate, methyl Z-malate, and Z-malic 
acid have been measured in acjueous solution and in 
aqueous sodium chloride at various temperatures. The 
Results of these measurements, together with those re- 
corded in Part I. (Trans., 1914. cv., 49), indicate that 
sodium and barium haloids, in aqueous solution exert a 
specific effect on the rotatory power of those hydroxy, 
derivatives of succinic acid which contain a carboxyl or 
carbalkyloxy-(ester) group, this effect being usually 
opposite to that caused by dilution. 

308. M 2 : 4-Dichlorophenylhydrazine.” By Frederick 
Daniel Chattaway and Charles Frederick Byrde 

From the circumstance that 2 : 4-dichlorophenyl- 
hydrazine, which should he obtainable from perhaps the 
most easily made chloro-substituted aniline, has never 
been described, it might be . inferred that its preparation 
offers some difficulty. This, however, is: not the case ; it 
is easily obtained by the ordinary method, arid is a stable, 
well-crystallised compound showing the usual behaviour of 
halogen substituted aromatic hydrazines, and yielding a 
series of well-crystallised hydrazides and hydrazones. 

SOCIETY OF CHEMICAL INDUSTRY. 

(London Section). 

Ordinary Meeting, January 4, 1915. 

Prof. W. R. Hodgkinson in the Chair. 

The following paper was read and discussed 

“Production of Nitrates from Air , with Special Re 
ference to a New RlectHc Furnace.” By E» Kilburn 
Scott, A.M.Inat.C.E., M.I.E.E. 

This war has emphasised the immense importance of 
starting the manufacture in this country of nitrates from 
the atmosphere by electric power. Our enemies have 
taken care to make themselves independent of Chilean 
nitrate, for they have several factories producing nitrates 
from the air. ' . 

. For several years I have been at work on the problem of 
evolving a new furnace to work with three-phase alter- 
nating current and a system of wording a complete plant, 
with a view to obtaining better yields than are obtained 
by the present single-phase furnace plants abroad. 

The principal points to be met in the design of a furnace 
are; — 

(r) To ensure that as much, of the air as possible is 
brought into contact with the arc flames. 

To draw off thbcool and fixed gas quickly. 

To dispose the electrodes so as to minimise adjust- 
ment and renewals. 

(4) To provide automatic regulation of current and con- 
tinuity of working. 

The author then proceeded to describe and criticise the 
Birkeland-Eyde, a magnetically-blown Arc Furnace ; the 
Schonherr-Hessberger, a long-standing Arc Furnace ; and 
the Pauling, an air-blown Arc Furnace. 

Importance of Working Three-phase. — Considering the 
universality of three-phase apparatus, it is rather, sur- 
prising that those interested in nitrogen fixation factories 
abroad should have kept to single-phase designs. When 
starting to develop a new design of nitrogen fixation 
furnace, I decided that the proper thing to do was to 
choose such a method of producing the arc flames that the 
furnace could be constructed as a self-contained three- 
phase unit. 
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Kilburn Scott Experimental Furnace.-- The three elec- 
trodes of the furnace are attached to insulators spaced 
120° apart. They are of steel rod & in* diameter, and the 
inclined sides are bent at about 30° from the vertical line. . 
The rods pass through holes in the wall of the furnace. 
The bottom ends of the main electrodes are set so as to 
allow the air to pass freely, and they do not require any 
adjustment because the pilot sparks always make a path 
for the main current to get across. The operation of 
starting up the furnace is very simple. First turn on the 
air blast, then close the isolating switch so as to make the 
electrodes alive, and finally close the tumbler switch of the 
high-frequency set. Directly this is done the sparks jump 
from the wire to the electrodes, and the three-phase arc 
flames are started. The top of the furnace (in fact the 
roof) is a boiler with vertical copper tubes for the gases to 
pass through. The position of the boiler can be adjusted 
vertically to obtain the best cooling effect. It is of course 
connected to earth* As the peak of the arc flame is the 
neutral point of the three-phase supply it does not mattet 
if it strikes on to the bottom of the boiler. As a matter of 
fact during the experiments I have frequently placed the 
boiler so low as to cut off a considerable portion of the 
upper zone of flame. 

Summary of Advantages of Kilburn Scott Furnace 
The following may be said to. be the special features 
which distinguish my furnace from those used in Norway 
and elsewhere. It is essentially a three-phase furnace 
using the electric energy exactly as generated, and 
giving three arc flames within one furnace wall. Also for 
a given periodicity of supply, thrice as many arcs in a 
given time as would be the case with single-phase. The 
three-phases give a combined flame of conical shape which . 
is hotter than if the same energy were expended in three 
separate furnaces, because the latter have only a single 
flat flame and the radiation losses are much greater. The 
greater bulk of the three-phase flame also enables more 
air to come into contact. As compared with three single- 
phase furnaces, the first cost, the attendance cost, and the 
maintenance cost are all lower. The space occupied is 
also much less and there is less brickwork, ironwork, 
foundations, piping* See. There are only three electrodes 
as compared with six for three single-phase furnaces, and 
this considerably simplifies the electrical and water con- 
nections and the renewing of electrodes, &c. Three arcs 
together help to maintain each other because current is 
always flowing in one or other of the phases. Thus con- 
tinuity of working is assured and the load is always 
balanced. When current is purchased from a power 
station these are most important matters. By breaking 
down the air dielectrie with high frequency pilot sparks, 
the arcs start directly the, zero points of the alternating 
current waves are crossed, and this improves the efficiency 
and power factor. There are. no kindling knives to burn 
away and get in the way of the air supply, The elec- 
trodes can be placed at the most suitable distance for the 
air supply, and do not require any adjustment whatever. 
The control of a large furnace can be effected by a small 
tumbler switch on the high-frequency apparatus. The 
boiler forming the roof of the furnace cools the fixed gas 
most effectively because of the latent heat of steam, 
and at the same time the steam so raised can be used to 
generate electric energy so that the combination can work 
regeneratively. For a given amount of electric energy the 
yield of gas may thus be considerably increased. 

The concentration of nitric oxide has the highest value 
at each temperature when the product of oxygen and 
nitrogen is a maximum. It can be shown that it is 
directly proportional to the square root of the product 
thus— Oxygen and nitrogen as in air »»o-2i X079 
Equal parts oxygen and nitrogen 0*5 x 0*5* 0*25. Then 

as— 


k /a 

V 16 


The increased yield is, therefore, as 4 is to 5, or 20 per cent. 
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Since the Notodden factory was first started the per- 
centage concentration of nitric oxide has been double, 
merely by making small modifications in furnace construc- 
tion and adjusting the air supply and the electric current. 
Vet the percentage is still under 20 per cent. The fact that 
it is so much lower than the theoretically possible is 
really a most promising feature of tbe direct method, 
because it indicates the great scope there is for improve- 
ment. - A process that is highly efficient from the start is 
a very tame proposition. 

Gain by regenerative working,: Theoretically the energy 
saved by using steam from the boiler to generate elec- 
tricity is about 15 per cent. 

Gain by oxygenated air : By blowing through the 
furnace equal parts of oxygen and nitrogen instead of 21 
and 79 parts, as they exist in ordinary air, the yield is 
increased in the ratio of 4 to 5* or by 20 per cent. 

Gain by increased temperature: The yield increases 
IjfOCo S19 to ifcso kg. per k.w. year, or 225 per cent, when 
^the temperature of the arc flames is increased from 
3200° C. to 4200° C., or only 30 per cent. 

I claim that a combined three phase arc flame is hotter 
and acts on more of the air than three single-phase flames 
each in separate furnaces, and that taken in conjunction 
with the other features of the design detailed above, in- 
cluding the effective cooling by a boiler, using the steam 
so raised regeneratively, and also blowing oxygenated air 
, through the furnace, a yield considerably in excess of that 
obtained in Norway is possible. - 

Manufacture , — When considering manufacturing, one 
naturally thinks first of water power. It is true that such 
powers as we have are not large, but the assumption that 
they are not worth harnessing, or if developed electric pro- 
ducts cannot be made profitable, is quite untrue. The 
success of the aluminium works in North Wales and 
Scotland is evidence of that. No doubt in the future 
nitrates will bo made by electric energy from a water 
power, but it is not necessary to wait for that. Even if 
Norway could compete, the establishment of factories 
in this country to make nitric acid, ammonium nitrate, 
and sodium nitrate from the air is a national duty. They 
are urgently wanted for explosives and for the aniline dye 
industry. . , , , 

Model furnaces were shown at work and the paper was 
illustrated with lantern slides and diagrams. 


NOTICESJJF BOOKS, 

Technical Methods of Chemical ' Analysis! Edited by 
George Lunge, Ph.D., Dr. Ing. English Translation 
edited by Charles Alexander Keane, D.Sc., Ph.D. 
Volume III., Part II.„ London : Gurney and Jackson. 
I9 X 4. 

The second part of Volume III. of Lunge’s compendious 
work on technical analysis deals with sugar, starch, 
alcoholic liquors, paper, textile fibres, and inorganic 
colours. In the section on sugar many additions have 
been made to the descriptions of the technical analysis of 
the sugar beet and its products, and those who are in- 
terested in the project of the establishment of a British 
sugar industry will find much valuable information in it. 
The section on brewing materials and beer has been 
entirely re-written for the English edition by Messrs. 
Arthur R. Ling and G. Cecil Jones, and that on inorganic 
colours, and in fact the whole of the text, has been very 
thoroughly revised by some of the best known British 
experts. . 

Food Products ; By Henry C. Sherman, Ph.D. New 
*Yotk: The Macmillan Co. 19x4* 

In this book succinct accounts are given of the composi- 
tion and food value of the more important classes of 
foods. The production of each article of food in the 
United States and elsewhere, and their preparation for 


market, are first treated, and many statistics are given. 
Then the composition, and nutritive value are described, 
and very interesting discussions of the place of each sub- 
stance in the diet follow. The advice given by tbe author 
as to choice of foods, quantities, &c., is based upon sound 
economic considerations and will be very useful to all who 
are interested in catering. Copious tables bf analysis are 
included, and much attention is paid to legislation ap- 
plied to foods, which, although relating chiefly to 
America, is by no means devoid of interest for English 
readers. 

London University Guide and University Correspondence 
College Calendar , 1915. 

This guide, which is issued gratis by the University Cor- 
respondence College, gives full information relating to the 
regulations of the examinations of the University to be 
held in 1915 and 19x6, and to the classes of the college. 
An interesting account is included of the history and con- 
stitution of the University, and sound advice is given as to 
the choice of text-books for the more important 
examinations. 



CORRESPONDENCE. 


NATIONAL DYE INDUSTRY. 

To the Editor of the Chemical News . , 

Sir, — I have read with very great interest the letter pub- 
lished in to-day’s Press by Mr. C. Diamond on the 
National Dye Scheme. The impression that is left on 
one’s mind after reading the letter, and I do not wish 
to be unfair to Mr. Diamond, is that the hard-headed 
business men of Lancashire and Yorkshire are wiser than 
Mr. Diamond. 

The Government Scheme is a palliative, and only forms 
a part of a very much larger issue. Apart from this con- 
sideration it is a most unsound proposal financially. . 

Business men and the public are asked to subscribe 
£3,000,000 to establish a National Dye Industry, and . the 
Government will find £1,500,000 on the security of the 
£3,000,000. There is some wiseacre at the Treasury 
who knows something. Had the proposition been 
attractive and had the proper working conditions been 
there, it would surely have been accomplished long before 
tbe declaration of War, but the position of the dye and 
allied industries is no better off to-day than it was nine 
months ago. , 

The whole problem forms part of a very much larger 
issue. The working conditions which at present surround 
the whole of our national industries must be considered in 
their entirety. 

At the conclusion of the War we can safely assume, that 
if the working conditions are the same in this countryas 
existed prior to the declaration of War, the German 
chemical industry will resume the campaign with in- 
creased vigour, and should that event happen those who 
find the three million pounds to establish a National Dye 
Industry in this country, would, realise that what .they 
may how look upon as an. investment is in reality a 
speculation. 

The cost of production of articles of utility are con- 
tinuously on the decrease and never on the increase, even 
in countries having a protective tariff, and for Mr. 
Diamond to make the statement that the cost of dues 
would be increased to the consumer by the extent of a 
tariff is to weaken his case. If he had stated that, if a 
tariff were placed on the raw or natural materials, the 
consumer of the caw or natural materials would have to 
pay the tariff, business men would agree with him ; but 
to say that a tariff, if imposed on a manufactured article, 
would be . paid by the consumer is to state a proposition 
which is not correct. However, history has a good deal 
to teach us as to the manner in which we have arrived at 
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Our present position, and if any fault is to be found 
on the historical side it is to be found in the 
fact that the study of the Science of Production has been 
left too long with those who are largely engaged in the 
development of political constitutions. The leading in- 
dustrialists of to-day are* however, owing to the advance 
of Science and Education, in a much better position to 
state precisely the- requisite working conditions that are 
required to produce articles of utility at the lowest possible 
cost, and incidentally to procure the maximum production 
of wealth from industry. " 

The difficulties surrounding the dye industry at the 
present moment form part of a very much larger issue, 
which is now being dealt with by the Institute of Industry 
and Commerce. 

. The substantial trade and other interests represented by 
the Institute do not look with favour on the present 
Government scheme, and consider it very unsound in all 
its essentials ; they, therefore, recommend that, pending 
the final settlement of the whole of the working conditions 
which are essential to safeguard our national industries 
at the conclusion of the War, that no partial settlement 
of the kind suggested by the Government in the dye in- 
dustry should be accepted. This is not recommended in 
any. spirit of hostility to the Government ; on the con- 
trary, it is recommended in the best interests of British 
industries^ a whole.— I am, &c., 

J . TaVlor Pbddie, 
resident and Chairman. 

' Institute of Industry and Commerce, 

, January xi, 1915. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Compos Rendus Hebdomadaires dti Stances de V Academic 

des Sciences . Vol. clix., No. 23, December 7, *914. 

Electrolytic Dissociation of Acetylene and its 
Metallic Derivatives.— M. Skossarewsky.— The elec- 
trolytic dissociation of acetylene and of its mono- 
sodium derivative in solution In liquid ammonia is shown 
by determinations of conductivity. The dissociation of 
acetylene increases with the dilution of the solution. The 
. thermic coefficient of the specific conductivity is equal to 
about 2 per cent per degree, and is almost independent of 
the concentration. When the mono-sodium derivative of 
acetylene- is electrolysed complex products are obtained, 
which the author intends to investigate. 

Molecular Transposition in the Cyclohexane 
Series: Passage to the Gyclopeatane Series.— M. 

Tiffeneau When the iodobydrine of cyclohexane diol is 

subjected to the action of silver nitrate, cyclopentane 
carbonic aldehyde is obtained. HI is first eliminated, the 
cyclic chain opens and then closes on a new carbon, and 
'thus the passage from cyclohexane to pentane is effected. 
The iodobydrine derived from cyclopentene is trans- 
formed by silver nitrate, into the corresponding ethylene 
oxide, no aldehyde being formed. 

Molecular Transposition in the Phenyl Cyclo- 
hexane ' Series : Phenyl Migration without Forma- 
tion of Cyclopentane.— Marcel le Brazidec.— In the 
pbenylcyclohexane series the elimination of HI in the 
iodohydrines of the glycols, effected by the action of silver 
nitrate; produces only one break between carbons, and the 
1 phenyl group migrates from the para- to the meta-position. 
Thus a true molecular transposition takes place. 


. The Sir John Cass Technical Institute.— The 
Annual Distribution pf Prizes and the opening of the new 
Metallurgical Laboratory by Sir Robert Mowbray, Bart., 
the Prime Warden of the Worshipful Company of Gold- 
smiths, arranged for Wednesday, January 13, has been 
postponed owing to the death of Sir Owen Roberts, the 
Chairman of the Governing Body of the Institute* 


MISCELLANEOUS. 

Literary Intelligence* -As usual, the new issue of the 
British Pharmacopoeia wiU be accompanied by the 
publication of several books which are based upon and 
supplement the information contained in the official work* 
In this connection we draw attention to Messrs. J. and A. 
Churchill’s announcements 41 Materia Medica,” 14th 
edition, by Dr. W. Hale White, Physician to Guy’s Hos- 
pital t “ The Book of Prescriptions,” 10th edition, by Mr* 
E. W. Lucas, a member of the B.P* Reference Com- 
mittee,* “ The Book of Pharmacopeias /’ by Mr. E* W. 
Lucas and Mr. H. B. Stevens* This is a new book, con- 
taining about 5000 formula;, British and foreign, arranged 
on a comparative system. 


MEETINGS FOR THE WEEK* 


Monpay, 18th.— Royal Society of Arts, 8. (Cantor Lecture). "Oils, 
their Production and ' Manufacture,” by Dr. F. 
Mpllwo Perkin. 

TuksPay, 19th.— Royal Institution, a.. “ Muscle in the Service of 
Nerve*” by Prof. C. S. Sherrington, F.R.S. 
Wednesday, aotb.— Royal Society of Arts, 8. “ The Textile Industries 
of Great Britain and Germany,” by J. A. 
Hunter, - 

Thursday, 21st.— Royal Institution, 3, “Modern Theories and 
Methods in Medicine,” by H. G. Piimmer, F.R.S. 
Royal Society of Arts, 4.30. “Nepal,” byH. J. 
Elwea, F.R.S. 

Institute of Petroleum Technologist^ 8. “The 
Prospective Oilfields of Western Canada,” by 
E. w. Cunningham Craig. 


the Surface of the Earth,” by A. E. H, Love. 
“Electromagnetic Waves in a Perfectly Con- . 
ducting Tube,” by L. Silberstein. “ An 
EleetrSclffy-heated Full Radiator,” by H. B, 

ChemleaflMgo. “Guanidine— Part II , Copper 
Derivauffsi Part I U., Potassium Derivative#: 
Part IV , Silver Derivatives and Constitution,” 
byH, Krall, “Studies on Alcoholysis -Part l„ 
Dilatometrlc Determination of the Velocity of 
Alcoholysis in (he presence of a Large Excess of 
Alcohol,” by Q. K. Kolhatkar. “Wet Oxida^ 
(ion of Metals— Part IV., The Question of 
Passivity,” bvB. Lambert. “Velocity of Ion- 
iaation at Low Temperatures,” by A. R. 
Normand. "Studies in Catalysis- Part II., 
The Inversion of Cane-sugar,” by A. Lambleana 
W. C. McC. Lewis. “ Synthesis of ^-Thiol- 0 - 
phenylethylamine," by H, King. “Nitrites of 
tho Sulphonium Scries -Trimethyl and Tri- 
ethyl Sulphonium Nitrites,” by P. C. Ray. 

“ Constitution of the Aminoa^compoundt," by 
E. C, C. Bely and R. K. V, Hampson. t‘The 
Reactions of both the Ions and the Molecules of 
Acids, Bases, and Salts— (ij A Re-interpretation 
of the Reactions of Sodium Methylate and 
Sodium Ethylate with 1 .a-Dinitrobeozene, 
1,2. 4 -Dinitrochlorhenzene, and x . a , 4 -Di* 
nitrobrombenxene,” by S» F. Acree; (3) “The 
Reactions bf Sodium Ethylate with Methyl 
Iodide in Absolute Ethyl Alcohol at 33V by 
H. C. Robertson and S, F. Acrce; (3) “The 
Conductivity and Ionisation of Sodium Ethylate, 
Potassium Ethylate, Lithium Ethylate, Sodium 
Phenolate, Potassium Phcnolate, Lithium 
Phenolate, Sodium PhenoUbiouriwolo, Sodium 
Iodide, Sodium Bromide, and Mixtures of these 


Ethyl Bromide and Ethyl Iodide in Absolute 
Ethyl Alcohol at 25 a ,” by E, K. Marshall and 
S. F. Acree. “ Addition of Auxochromes in the 
Flavone Group,” by A. G, Perkin and E. R, 
Watson. 


Friday, 22nd.— Royal Institution, 9. 


. _4eaandtho 

Rare Gases,” by Sir James Dewar, F.R.B., &c. 
Physical, 5 *, “Practical Harmonic Analysis,” by A. 
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would be unlimited ; but the temperature of water jacket 
being x*7° C. lower than nidifying point, allows the 
stationary point to be observed within a reasonable time. 
Theory demands a higher w rise ” or higher solidifying 
point, which actually takes, place. ' 

Solidifying point+rlse, °C. . . 4575 45*95 45*5 , ' 

Rise (less than), °C. •« 0*05 0*05 0*05 

Time therm, stationary, min..* 40 40 40 


By ROBERT MELDRUM. , KT v 

The following investigation was undertaken with the view 
of obtaining a better understanding of the solidifying and 
melting point} their relation and co-relatioiisbip. Sperma- 
ceti was selected as being of a highly crystalline nature, 
the absence of a "rise” on setting, and being free from 
free laity 1 acids and glycerides. Of all the fats, waxes, 
and ratty adds spermaceti is one of the most highly 
crystallised, and is therefore important as regards investi- 
gating the phenomena of the " rise ” which takes place in 
solidifying, and also, the “zero” pobt. It is well known 
erratic phenomena is present during the determination of 
the melting and solidifying point of nearly aU fats and 
waxes which is not dearly understood. With the view of 
attempting to determine the conditions which govern these 
fixed points, the author undertook the following investiga- 
tion. .A50°C, mercury thermometer was used, divided 
iaio i/iothB. 


^Effect p/ r Stirring white Solidifying , — The phenomena 
which takes place here is generally applicable ; to all fats 
and wax; While stirring at the. beginning and during 
solidification, and continuing till thick and semi-solid, on 
ceaBbg stirring through all these stages the thermometer 
rises. 

While stirring, thermometer remains at. 45*6* G. 

On ceasing to stir, thermometer rises to 45*75° C. 

Effect of Tube Diameter . ~ The diameter tube has no 
influence on’ the solidifying pobt. Experiments made 
with tube from x£" to f” diameter yield the same results* 
The following are the results obtained with tubes 
8" diameter 

Solidifying point + rise, °C «. 45*75 45*75 4575 

Rise (less than), °C .. . .. .0*05 0*05 0*05 

Therm.atationacyi mb. , . .* \ x o ,5 

Mbutes to fall o‘a° C. below 1 , „ 
solidifying point . . . * . * 4 X 3 


- The Solidifying Point, 

By Pelican's Method . — The following five determina- 
tions were made by this well-known method. The test- 
tube used was 7" x x”, half filled with melted wax, and 
melted at 20° C. above melting point. The tube fixed in 
apparatus, and when crystals appeared at bottom stirred 
thrice to left and thrice to right, and then fixed ther- 
mometer in centre x" from bottom. 

Solidifying pobt, °C. 45*75 4575 45*75 4575 45*75 

Rise* (less than) °C. .. .. 0-05 0*05 0*05 0*05 0*05 

Timether.sutionaryimb. xo xo xo xo xo 

The spermaceti* .melted at 100° C* for two hours and six 

hours, bpeatqdly melted and re- melted at that tempera- 
ture, 'rapidly cooled and slowly cooled, gave the same 

S tarts above," thus showbg the sbjUdifyrog pobt to he 
'ected by such thermal treatment, ft is remarkable 
that spermaceti, with its pronounced crystalline structure, 
yields so small a “rise,” whereas some waxes, weakly 
crystalline, will yield as much as xo° C. It would there- 
fore appear that there is no relation between crystalline 
structure and the “ rise.” 

Effect of Rapid Cooling. —By plunging the tube into cold 
water whdn the mplten wax is at 4 &° C., the solidifying 
point *is apparently reduced 0*2° C., though theory 
demands that rapid cooling ought to give a result higher 
than 4575 ° C., or cause a higher “ rise,” as the speed of 
crystallisation is greater. So far as spermaceti is con- 
cerned, increased speed of crystallisation lowers the solidi- 
fying point, as will be seen from results 5— ■ 

Solidifying pobt, °C. .., 45:55 45*55 45*55 45*65 

Rise (less than), °C* .. 0*05 0*05 0*05 0*05 

Therm, stationary, mb.. * 3 5 4 5 


Even with these small-bore tubes the pobt of solidifica- 
tion may be accurately determined by timing the fall of 
the thermometer o*x° C. or 0*2° C. from maximum rise; 
unless this is done the stationary point is rather indefinite. 

The Stationary Point.— The pobt at which the ther- 
mometer remains stationary for the longest period is the 
declared solidifybg pobt, as it is this point which can 
most accurately and definitely be determined. The 
phenomena of the stationary pobt is due to layers of solid 
fat formbg on walls of tube, which act as a non- 
conductor, and which increase in thickness per unit of 
time, reducbg the mass of molten wax, arid when thick- 
ness of non-conductbg walls are at maximum and molten 
wax at minimum the thermometer commences to fall. 
Spermaceti was melted in test-tube f'x x” and cooled by 
stirring to 46° C„ thermometer fixed in centre, and placed 
iq. solidifybg apparatus. Four minutes after thermometer 
had remained stationary the tube was examined internally. 
All was liquid b centre, there bang about i" solid wax on 
walls. Another similar tube, but allowed to solidify at 
457° C. and then, allowed to fall to 45*5° C., when ex- 
amined was allfSolid hard wax,, with a little liquid b 
centre, the wax having shrunk away from thermometer* 
It would therefore appear that the speed of crystallis- 
ing, change in viscosity of melt, ox rapid changes b 
density take no part in determining the pobt of solidifi- 
cation. The temperature to which the thermometer falls 
and remains stationary is apparently -determined by the 
increased non-conductivity of the walls of tube by solidi- 
fied layers of wax. * 

The Critical Pobf.—The author has determined (his 
point with the view Of ascertabbg the point at which 
solidification commences and . liquefaction ends. The 
pobt at which opacity commences on cooling and ceases 
on heating has been determined b tubes 7" x x" half filled 
with the wax, immersed b a large hot-water jacket. 


* Effect ofSlowCooUngi — Melted waxat 60° C. and cooled 
W stirring to 46° C. Placed tubein water jacket at 44° C., 
and maintained water jacket at this temperature . till 
solidification ’ was complete* It will be evident that if 
molten wax is at 457*0, «d water jacket at 457° C., 
and both equally maintained at (bis temperature, the time 
during which the thermometer would remain stationary 


No. 1 Experiment. 

Spermaceti melted, and allowed to solidify b tube till 
temperature fell to 40° C. Placed in apparatus, and 
heated at rate of 0*25° C. pec minute during the Stirrbg of 
jacket. Placed thermometer fa centre of tube, and stirred 
when sufficiently fluid* - 






M 


,44'S 

43-o 

'45'3 
, 45’5 
457 
4f - » 

. 4^8 


Spermaceti : thlSolidifying and Meiting-poinU 


t Chemical Naws, 
\ Jin. a*, 19x9 


‘ 45*7 

4 

45*5 


Pastey soft solid f opaque 
pastey semi-liquid ; opaque# 

Thick opaque liquid. 

Opaque thin liquid. 

Opaque fluid liquid f five minutes not dear. 

’ Slightly opaque limpid liquid j five minutes# 

' Transc: rant limpid liquid; opacity gone. 

Opacity reappear* by floating scales and floccu- 
lent grains. Gains opacity rapidly when tem- 
perature maintained. Rises to 45 •9° C., and then 
falls quickly. . „ 

Thick opaque liquid ; can be stirred. 

Thick opaque liquid ; drips from thermometer ; 

solidifies round walls of tube. 

Pastey solid inside tube ; hard round walls* 


, * No. 2 Experiment. 

„ Temperature maintained five minutes at each period. 

W«c,°C. Water jacket, °C. 

’ 49 49** l No opacity or floating scales. 

lfi*5 46*4 Cloudy matter descends from top of fat 
which re-dissolves on stirring. 

46 Scales appear rising from top and bottom. 
45 *7 Very opaque. . Full of scales. 

46*5* Still opaque. . .Not all melted. 

46*9 Transparent. All melted. 


46*0. 
4^*9 
4d*r 
, 4^*5 


v. " , • • t 

No. 3 Experiment; 

Wax in tube, 46*5° C* i water jacket, 46*5° C. ; main- 
fUried for ten minutes. Cloudy matter descends from 
surface of molten wax* which dissolves on stirring* No 
indication of setting. No opacity. 

t : No. 4 Experiment* 

: Wax iri tube, 46* C. } water jacket, 46° C.; maintained 
temperatures for twenty minutes, both stirred. Cloudy 
matter descends from top, which re-dissolves on stirring. 
Nb Opacity. No indications of setting, 

- Wax in tube, 45*9 b C.; water jacket, 4375 temperatures 
maintained five minutes. Both stirred. Cloudiness 
cbmetf from top, which does not re-dissolve on stirring. 
Wax very fluid and slightly cloudy. „ * 

Wax in tube, 45*^ C. ; water jacket, 44*8* C. ; five 
tpinutes. Becomes opaque, full of scales ; setting di • 
tinqfly commences. . t , 

• Wax in tube, 46*4° C*5 water jacket, 46*5° C.; completely 
transparent. No floating scales, 11 , 

‘The above four experiments show that solidification 
commences by determining the opacity point between 
43*8— 45*9° C.; a very close agreement with the ordinary 
method. ;f he melting point, - as t determined by . this 
method in Experiment 4, is 46® C. This method of de- 
termining melting and solidifying points has much to 
ifccoihmend it„ as both points are very definite, and the 
that is made under good conditions, that is a fine sus- 
pension of solid wax in molten wax at the determined 
temperature/ in addition to a water jacket maintained at 
nearly the same temperature as the molten wax. 


The most interesting features of these determinations 
Is that by the thermometer bulb method and open cap- 
illary tube method the melting points are lower then the 
actual solidifying point* This again shows the presence 
of erratic phenomena which modifies the melting point de- 
termination, and which is the cause of so much per- 
plexity in innumerable published results. It must be 
apparent that' the melting point must be higher than the 
Solidifying point. 

Summary* 

Lwtat Highest 

, t ‘y 

Solidifying point by Dalican’s method *. 4573 4575 
Solidifying point in small bojre , tube •• 4575 4575 
Solidifying point by slow cooling •« 4575 45*95 

Solidifying point by stirring .. .. 4573 •*— 

Solidifying point, opacity method . . . , 45*8 46*0 

Solidifying point, capillary tube .. .. 447 45*0 

Melting point, thermometer bulb method 45*3 45*5 

Melting point, open capillary tube.. .. 45*1 45*4 

Melting point, closed capillary tube * . 45*9 46*0 

Melting point, opacity method .. 46*0 46*4 

Influence of Impurities. 

o*x per cent water, glycerin, does not lower or ral$e 
the solidifying point or aftect the “rise” O't per cent 
oleic acid has no effect. It is generally understood that 
the presence of moisture, free glycerin, and free, fatty 
acids In small proportion modify the solidifying point and 
yield erratic results, but the author has found this not to 
be so. 

Cooling Ratios* 

! The cooling ratios are very useful in confirming the 
solidifying point, when that point is not well defined, due 
to a rapid fall in the thermometer. Especially is this so 
with the solid glycerides where the thermometer rapidly 
rises and falls between the M aero” point and solidifying 
point. In these cases the author has been in the habit of 
locating the solidifying point by determining the cooling 
ratios. The cooling ratios for spermaceti in a tube xj ins, 
diameter, half full, is as follows 


.. °C. - 
48 to 47*5 
47*5 to 47*0 
47*0 to 46*5 
46*5 to 46*0 
46*0*0 45*85 
45*83 to 45*7 
457 to 45*5 


flsconds. ■ °Cr 

30 48 to 47* 


80 

60 

90 

x8o 

xo8o 

720 


47 to 46 

46 to 45*85 * 
45*85 to 457# 
4570 to 45*5. 


Second*, 

do 

150 

x8o 

xxao 

480 


Melting Point. 
Thermometer Bulb Method . 


t)rop appears, °C, 
Drbps off, *C. . 


45'3 

45*6 


45*3 

45*6 


43’3 

45*6 


45'5 

4^*3 


Open Capillary Tube Method. 

Wax rises at °C.. 45*3 45*4 45** 45*3 45 f » 

Closed Capillary Tube Method, 

"Melting point, *0 45*9 46*0 ,45*9 

Solidifying point, °C. . . . . 45*0 44*8 44*7 


Influence of Sperm Oil* 

As both the melting and solidification are used to deters, 
minethe purity of innumerable substances, It wat con* 
jflidered advisable to investigate the effects of sperm oil in > 
lowering the solidifying point and melting point and how* 
far the “rise” was affected. Repeated melting and cooling, 
and heating for long periods considerably in excess of the 
melting point, was found to have no effect on the respite* , 
This confirms the former results obtained by the author 
in similar experiments with fatty acids and the solid 
glycerides. 

80 Per cent Spermaceti -f 20 per cent SpemOlL 
Solidifying point 4- rise, °C. . , 44*1 , 44*1 44*1 
Rise less than ^C. * . • . . .* * 0:05 ' 0*05 *05 
Minutes thermometer stationary* j 7 7 

, Thermometer falls from 45 to 44*6° in one minute ; from 
,44 to 42 in nine minutes. No observed w «erp w or 
Stationary point while solidified in cold water, but ther- 
mometer falls slowly. Solidifies at 44*2° in hot water 
jacket. Wax melted at 70® C., and cooled by stirring to" 
46° C., and placed in hot water at 46° C* no trace solidi- 
fication in five minutes from 4 3*5- to 44*4° C, ; at 44*2° C* 
solidification commences. Melting point by opacity" 


44 L 
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method, 44*8° C. It will be noted that 3p pe; cent sperm 
oil-only lowers the solidifying point by 1-65° C. or 0*08° per 
cent oil* Such a large percentage * of oil in spermaceti 
could easily be detected by a visible' examination of same, 
and it would not be necessary to apply melting point 
methods. Bat with $ per cent pil present, the ther- 
mometer woUldL only be about 0*2° C> below normal. < This 
strongly points to the fact that in melting point and solidi- 
fication methods for either analytical Or scientific pur- 
, poses, the thermometers used must be absolutely accurate, 
and the degrees divided into at least 0*05 pr Jess, as. it is 
only by observing very small variations in tie solidifying 
and melting point below or above, normal that the . purity 
of a substance can be determined. 

' 95 per ant Sperm Oil + 5 per cent Spermaceti . 

No solidifying point bserved when allowed to cool to 
,14* 5®* By the opacity method, solidifying point 23° and 
; melting. point 26-5°. 

, $0 per cent Sperm Oil + 10 per cent Spermaceti . 

No solidifying point observed when cooled to 22° C. 
By opacity method, solidifying point 28*1°, 28*1°, and 
melting point 31*5°, 3°'3 0 - 

At these extreme dilutions the stationary point vanishes, 
and explains the erratic results obtained in determining 
low melting mixtures. 


ESTIMATION OF* SULPHUR IN MOTOR 
SPIRITS. 

. (Second Communication), 

By W. A. BRADBURY and P. OWEN. 


gases sue bubbling through. Air is now turned through 
the spirit to be tested by opening clip 3, and the auxiliary 
gradually turned off by closing clip 1. The proper regula- 
tion of the various clips must be -left to the skill of the. 
experimenter . to obtain, a small clear blue flame and the 
platinum, coil above the gauze, cap of the burner at its., 
maximum state of incandescence* and it mufct be kept Jit' 
this throughout the experiment.. As soon as the experi- 
ment is proceeding satisfactorily (and the operation^ 
really very easy), the water-bath is filled with water at 
8o° f ., and then very i gradually heated through the ex- 
periment, so that the temperature at the end of the experi- 
ment is about 1X0—120° F. When only about *x clc. 
of the spirit is unburnt about 1 cc. of absolute alcohol is 
run into' the carburettor by the tube above clip'4; two 
washings with alchohoi in this manner are sufficient to 
clear the carburettor of the spirit being tested. When this 
has been effected the air supply is reduced, and the air 
allowed to bubble through the liquid very gently until the 
chamber is cold. The chamber is then washed out with 
water into a beaker, the content^ -pf the absorbing vessel 
are emptied into the beaker, and the vessel washed out ; 
the contents of the beaker are then rased to boiling-point, 
to get rid of oxygen and carbonic acid ; laemoid is then 
added, and the excess sodium carbonate determined by 
ttmdard sulphuric acid (1 00.-0*0343 BaS 0 4 or 0-00471 
-ulphur). 

xo cc. Benzole taken. 

■ 5° cc. Na a COj required 17*8 cc; standard acid. 
Excess NaaCOa - 6* 2 cc. standard acid. 

NaaCOg, neutralised; v . v ’,! , 
combustion of b*m*oie«x 1*6 cc. standard acid. 

Orms. per litre x 70™ grains per gallon. 

xx 6 x 0*00471 x i<x> * 70* 382 grs. of sulphur per gallon. 

The following results show the value of the method 


. Our first communication on this subject appeared in the 
Chemical News of October 2, 19x4. We havecontinued 
our experiments, and have so perfected the method that 
we are now able to make the estimation by a volumetric 
method in about two hours. The modified apparatus is 
shown in the sketch; The combustion chamber is a litre 
Jena flask with a round bottom. The neck is cut off and 
sq shortened that the burner of the carburettor just enters 
the flask. On the end of the neck is fitted a tinned copper 
disc, a| inches diameter, peiforated round its circumfer- 
ence with small holes? on the bottom of the disc, on the 
outside edge* a narrow ring is, soldered; onthetop of the 
1 disc ~a deeper ring is soldered, and the space between 
the deck and the ring is fitted with a cork. . The glass ab- 
sorbing vessel is just large enough in diameter to allow 
the copper disc to enter easily. The lower ring of the 
copper disc rests on the narrowing portion of the absorbing 
vessel, and forms a cup-like arrangement which catches 
, the gases of co r 3 stion and forces them to pass through 
the perforations of the disc and through the absorbing 
liquid. On the carburettor we have substituted mercury 
/cups for the iridiarubber connections, thus reducing very 
considerably the liability to damage. 

The method of working is as follows xo cc. of the 
spirit to be tested is run by means of a pipette into the 
carburettor c ; the auxiliary carburettor c contains pure 
1 benzene. Into the absorption vessel is placed 50 cc. of a 
Standard solution of sodium carbonate (about N/xo) and 
ce. of ordinary neutral peroxide of hydrogen (10 vol,)/ j 

We will now re-describe the method of burning off the 
.Spirit. The air required for' the combustion is obtained 
by means of a water blower, and connected up to the car- 
burettors. The blower is started and the clip x is opened, 
and ah blown through the benzene in the auxiliary car- 
. bhrettor ; the gas formed is lighted at x> ; clip a is gradually 
. Opened and extra air mixed with the gap until a good blue 
- flame is obtained; but not a large .flame. The combustion 
a chamber (flask) is now gradually lowered over the flame 
until the dis cia covered by the absorbing J^md and the 


Substance tested. 

Method, ‘ 

Result. 


(x) €82 in benzene 

Volumetric 98*7 p. c, of theoretical 

Benzole , 

(a) Gravimetric 305 grains per gallon 

Benzole 

Volumetric 398 

u 

ts 

Benzole . 

Volumetric 395 

»» 

I* 

(a) Benzole ** 

(b) Gravimetric 296 

» 

»» 

Benzole 

Volumetric 305, 

n 

tt 

(3) Benzole 

ic ) Gravimetric 240 

tt 

») 

Benzole 

(a) Gravimetric 248 

n 

n 

(4) Benzole 

Volumetric 383 

jj 

ti 

r Benzole 

Volumetric 378 

» 

a 

Benzole 

Volumetric 378 

»» 

ss 

Benzole 

Volumetric 374 

' if 

ts ' 


The tests a, b, c were done with the bead-tube appa- 
ratus, described in our first communication; the 
sample d in the volumetric apparatus. 

Other workers, using a wick lamp, have evidently found 
the absorption of the products of combustion to bd an 
uncertain factor, as the number of absorption flasks has 
varied considerably, and as many a? ten flasks have been 
used. ' . 1 , ■ - ■ > - 

The apparatus which we now use has brought the 
absorption problem to its simplest form ; the;: results of 
out experiments prove . that the absorption “can be 
effected in one vessel. This is no doubt due to'having to 
deal only with the products of combustion, whereas wh$n 
a wick-lamp is used and the combustion takes place in in 
open-mouthed tube and an aspirator is required to draw 
the products, though the flasks, a large amount of excess 
air is also drawfr'tZ^gh. 

The ease with which we “can now estimate the sulphur 
in motor spirits has induced us to test the following 
points:— In all our experiments we have completely burnt 
off;oll the spirit to be tested; it has* however; been re, 

* 1 * 1 , ’ 1 ** \ 1- $ , ,r - 


Estimation of Sulphur in Mot or Spirits . 


Results of Burning Benzol^ in a Spint*lmp if? Stages* 


KQmmmMwm 
jfttu-fiat iftx5 


i'i 'ir r*' n. - :irvi 


Benzole in lamp ». *. m 
S ulphur in grains per gallon .« 
Total sulphur in lamp .. .. 

Sulphnr withdrawn for test .. 


*• *>r .■ 3v„ 

aoo? 175 150 

■j»i\ ,.*95 *•(.■*» 

76600 51625 42750 

191s!' 1475 14 25 


Sulphur in lamp after withdrawal of test ** ...« «. 
Sulphur in lamp after burning down to mark »* 
Sulphur burnt by burning down to mark . . .. 

, Grains of sulphur per gallon in burnt portion 


.50150. 4 X 3*5 
42750 . 42250 357<» 

j 4 oo -9?5 . 4§& * 


, 3* 
rob 

- 

35700 

1785 

navr-i 

.339?5 

3x800 

^iah 


> j i -I 

75 50, ... 85 

4*4,.r rtf r'tg'H.js 3 8 3 
3 1 ® 00 ,A*8(fta 9575 
aiao 5300, 

itti! 

. ?96?9-r; i*# 00 
21200 c 9575 

Vi ‘Sjltf**' 316 



commended in several methods to weigh the lamp before 
and after burning, to ascertain the quantity of spirit burnt. 
Apparently it was taken for granted that the spirit burns 
as an homogeneous substance. On the other hand» two 
opposite statements have also been made. Firstly, that all 
the sulphur is burnt off with the first portion of the spirit ; 
and, secondly, that the sulphur is burnt off with the last 
portion of the spirit, and causes the flame to smoke 
unless the wick is very low. 

To test these points we made the following experi- 
ments ;—A spirit lamp was graduated into eight parts of 
25 cc. each ; 200 cc. of benzole were filled into the lamp, 


5 cc. were pipetted out, and the sulphur estimated. The 
lamp was then lighted and the spirit burnt down to the 
first mark, i,e, } 20 cc. were burnt; 50c. of the residue 
were taken out and the sulphur estimated, the lamp re- 
lighted, and the spirit burnt down to the second mark. 
These operations were repeated until 25 cc. were left ; 5 cc. 
were teBted for the estimation of the sulphnr left in the 
lamp. 

The following table giveB a summary of the results ob- 
tained. The method of calculating the results is as fol- 
lows (cc.’s are assumed to be gallons for purposes of 
calculation) u . 


Chemical New®,- 
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aoo taken containing 383 grs. pet gallon -,76,600 grs. 
5 taken for teat, containing 383 gra. per 

gallon.* •* „ «# «. o «« ..*» 1,915 ,, 

K 195 left in lamp contain . • V* r : . . 4 '^ 74,685s: „ 
aobaflit. 'Y 11 ^ vvi- r * ^ 

if 5 left after first burning, containing 

295 gra* .. '«».£• Vi^* >V*. -51,625 # 

, Hence the 20 burnt contained «• ^* . ^23,060 „ 

u Or at the rate of 1153 gw. per gallon* 

X75 left after first burning and containing 

395 gra* P« gallon * * . * * . . . -51,625 „ 

5 taken for test and containing 295 grs, 

per gallon .* ;* .# *. .* i,47S »> 

**. 170 left in lamp contain .. .* *. «. 50,150 „ 

ao burnt* 

150 left after second burning and con- 
taining 285 grs. per gallon .. •« 42,750 „ 

Hence 20 burnt contains .. •« *• 7,400 „ 

Or at the rate of 370 grs. per gallon. 


. Ip our firflt commu ( nication we showed that concordant 
; results could not be obtained by burning motor spirit from 
I a -wick lamp, and that the errors were due to imperfect 
[ combustion ; and although we have abandoned ihislmeftltod 
; Of burning, the experiments ’ ai^e ^interesting as >show^ig 
the selective action of* a wick lampimrhing-bm^le^>sT 
nThe following, gives the tests ifaonLian^ 
i filiation. The sample contained 348 grains per gallon. 

|! too pc. benzole distilled, and 5 fractioiisiotitaaSbed^c:ii\ aLs . 
i ‘"V >’ C e - - '■« -- "■ ’ ,U '* “i“- * i?ik * 

* -- v «r. v i 

100 containing 348 grs* per gallon . . =34800 

iSFirst drop attf 73 0 F. ! ' v* •: : 1 Vi*; to Sf»r siQ * 

20 cc. up to i8o°F. 854 grs. per gall* 17080 «■ 40*1 
2o cc. „ . 186 0 F. 246 „ 4920 ”14^1 

20 cc. „ 190° F.- 139 „< 2780 .8*0 

20 cc* „ 206° F. 172 • „ 3440 9*8- 

20 cc. „ 247 0 F* 139 „ 2780 - 8*o 

100 3x000 89-0 

Lost in fractions, xx per cent., 

49 per cent of the sulphur is contained in the first 
fraction of 20 per cent. Sj - 


Sulphur in 
lamp 
before 

Sample, bunting* 


Per cent burnt Per cent burnt Sulphur; 
of the sulphur of sulphur in with- 1. 
Sulphur in lamp before original quan- drawn! 
burnt. burning. tity taken, for tests. 




Vcpt cent. 

Percent. 

74.685 

23,060 

3080 

30*10 

* 9 * 5 : 

50,1 50 

7,400 

*>475 

9*66 

*475 

4 *> 3*5 

4,860 

— 

— 

X 435 1 

4*^560 

12*00 

6-34 

1690 r 

33 . 9 X 5 

3,115 

6*24 

2*76 

X 785 

29,680 

8,480 

28*60 

xx *07 

2 X 20 

^ 5*900 

6 . 3*5 

39*00 

8*26 

5300 


5 *> 3 4 ° 


15.7*0; 

Per cent. 

Sulphur burnt 

.. •* 

,** ** 

52»240 - 

68*xo 1 } 

Withdrawn for tests 

. « . • 

X 5 , 7 XO 

20*50 

Left in lamp in last portion * * 

9.575 

12*50 


Total .*• .* ** *. 77,525 xorio 

On original portion .< «* «* 76,600 

Error in excess ** V. **'-,** 935 - ,rx 

( These results show that for this particular sample of 
benzole all the statements respecting the burning of the 
sulphur are erroneous, and that correct estimations of the 
Sulphur can only be obtained by completely burning all 
the spirit. They also show that a selective action does 
occur, and from the varying amounts of sulphur per gallon 
for the spirit burnt it seems justifiable to conclude that the 
sulphur occurs in different combinations. 

To test whether an unlighted wick has this selective 
property, 75 cc. of benzole were filled into a spirit lamp, 
and about one inch of the wick was drawn through the 
burner and lilt exposed to the atmosphere until 25 cc. of 
the benzole had evaporated. 

The original benzole contained 383 grains sulphur per 
gallon. 

The benzole left In the lamp, 383 grains sulphur 
per gallon* 

,;•* The benzole evaporated also contained 383 grains 
sulphur per gallon. 

75 385 - 38,725 

50 at 383 - 19,150 

Lost in 25.* 9*575 
*%x contains. 382 


*:. x contains. .383 , 

Ho selective action has occurred in this case; 


CHEMISTRY AND INDUSTRY.* 4 

, By Sir W, GEORGE WATSON. Blurt,, Chairman of Maypole 
Dairy 

The Great War has demonstrated the disadvantages of 
Great Britain being too dependant upon any foreign 
country for the preparation of its supplies of food or 
essential articles like aniline dyes, glass, leather, and 
other necessities for some Of the large British industries.' 

The research and painstaking work of the University- 
educated chemical engineers, so generally employed by 
German manufacturers, has resumed in the discovery of 
new processes, technical knowledge, and experience, which 
are of course unknown in this poultry* 

The Government have recently established the principle 
Of giving a “ development grant,” but our politicians might 
recognise that the only real difference between a 11 tariff ” 
and a “ development grant,** or loan, is that in the one 
case the public pay the initial coat (if any) of assisting the 
transfer of a, new industry J^,tte_country, and in the other 
case the cost is paid by the taxpayer — which is only 
another name for the public! 

Manufacturers of all nationalities will generally con- 
centrate on those manufactures which pay them best. If 
a manufacturer, with works in Germany, and doing a 
large British trade, found that be could secure a “develop- 
ment grant 5 * or escape a ^tariff** by erecting works Jn 
England, he would probably do it ; fyit in the absence of 
this special inducement he; 'will continue to supply the 
British . demand from the German factory, as he then 
saves the extra expense of running two factories and 
separate managements, andsbe has less risk of the 
discovery, by his competitor?/ the secret processes, &c., 
which are the result of the research wstxk of his chemical 
engineers. ; ■ , ' . r 

The present war may have 9/ fafogi ngso me 

German industries to the United p&n^orn, 
more likely to assist, in. transferring . ^C^ehlrai |%h w«s 
those. German industries 
supplied the British market 

countries can, even in . tune %«*Sial 

German machinery, ana possibly* get; fh& jGjraarT per- 
sonnel, with the necessary n experfa&e 
whereas this course is ’quite w Thrash 

manufacturer. - ^ ^ 

: ' * 1 " ,| 1 1 w* ' w&irthttfr > 1 u -.'SArt i im- ■ 
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British public arc too prone to think that, given the 
flfcp&aary capital and labour, it is possible to profitably 
and successwlly manufacture in the United Kingdom 
anything, which may bo in demand. They forget that the 
necessary special machinery or technical and scientific 
ifiGwiedge may be unobtainable, as Continental manu- 
facturers who keep large research staffs of chemical 
engineers often prefer to keep their new processes secret 
mstead of patenting them, and thereby publishing them to 

world at large. . . . ‘ 

■■ a good illustration of the points herein raised can be 
livattby the margarine facade, of which I can speak with 
SOniiderable knowledge. 

Originally the 'margarine consumed in Germany, Bel* 
givun, and England was air made in Holland* but when 
tog trade became important the German ana Belgian 
Governments put on a tariff which promptly caused the 
Dutch makers (often with the assistance of English 
Capital) to build works to. enable them to manufacture 
fnargarine ip Germany and Belgium, whereaB they have 
hot 'built wbrks in England, and they still continue to 
supply their English customers from their factories in 
Holland. , . 

Previous to the outbreak of war the raw materials used 
Jii the Butch and German factories largely came from 
British Oolohies, and consisted of nuts and seeds, which 
/were generally crushed and refined in Germany, thanks to 
the skill of the German chemical engineers. From Ger- 
' many much of the refined oil required for the Dutch mar- 
garine factories was transferred to Holland, which, in 
some cases, only meant a short journey down a river from 
the German oil mill and refinery to the Dutch margarine 
"works, often tinder the Bame ownership. 

, The nuts and seeds are chiefly produced in the British 
Colonies, and in consequence of the war and the shortage 
of refining plants and shilled chemical knowledge of re- 
' fin ery in England, the price of same has, since the out- 
/break of war, fallen &a per ton, whereas the price of 
refified cocoanut and palm kernel oil has at same time ad* 
; ^ahc 0 d ^t 5 per ton* The nut-producing British Colonies 
art suffering from jack of demand, and from the low 
prices now obtainable for their nuts, and the British public 
lave to pay higher prices for their margarine. 

I think these facts, and the present and very similar 
conditions respecting sugar, leather, and aniline dyes, &c„ 
/ proves the necessity of a policy calculated to make the 
British Empire more self-supporting as regards supi 
' idles of essential articles. Whether this is done by means 
Of tariffs or by means of development grants or loans is 
. quite unimportant to those who can look at the matter 
solely from an Imperial and business point of view, and 
apart from aU questions of politics. 

I understand that the British Government propose to 
offer a large loan to the aniline dye industry, Now that 
chemistry is the basis of , so many of our manufacturing 
' Industries, the principals Of our public , schools and uni- 
versities should recognise that the teaching of modern 
languages and Che teaching and training of chemical 
_ engineers is equallyas useful as the study of Latin and 
Greek. The students in later life will certainly find it 
more profitable* " 

In this respect the report on German trade for the year 
*913 by Sir Francis Oppenbeimet, His Majesty’s Com- 
mercial Attache in Germany, is worth studying. On page 
60 of the report he makes the following observation with 
eegard to the chemical industry in Germany- namely, 
prosperity of the German chemical industry is 
notorious. It yields higher profits than any other in- 
dustry as a whole*” Various statistics follow which fully 
‘ confirm this observation, and coming from such an 
authentic source should remove any doubt wbich may 
finger in our minds as to the need for re-establishing this 
‘ Industry in all its branches in Great Britain. It is an ad- 
ditional reason why Great Britain must not be dependent 
' Upon any foreign country .for the supply of its essential 
materials* 


THE ATOMIC WEIGHT OF LEAD OF 
' RADIO-ACTIVE ORIGIN.* 

By THEODORE W. RICH AkD§ Vuid' b!AX E. LEMBERT. 

It has been pointed out by many of the workers upon 
radio-activity, especially by Boltwood, Ramsay, Ruther- 
ford, and Fajans, that the most conclusive test concerning 
the recent theory- of the. -degeneration pf .radio-active 
elements is to be found in the determination of the atomic 
weights. If each & transformation involve* the Jobs of an 
atom of helium and nothing else which is wejghable, the 
atomic weight of the product should be just 3 99 less than 
that of the original substance, because 3'Q9 is the atomic 
weight of- helium evolved during the o-transformation* 
Thus, if tadium-has an atomic weight of ££5 97 (H6ntg- 
schmid, MoilatehV, 19x2, "xxxiii., *253), its emanation 
(“niton’’) should have anatomic weight of , 221*98, 
radium D- (which ‘ is * Supposed to involve three fiioVe 
« transformations), thould be 210*01 ; and radium G (yet 
another e-transformation) should be 206*02. . *" 

Still more recently a further theory* which* has been 
independent^ proposed by Fajans (Ber n 1913, xlvi., 422); 
and bySoouy (Chem. News, 1912, evil., 07, see “The 
Chemistry of the' Radio-elements,” 19x4, M., •£), indi- 
cates that some of the places in the periodical ’e corre- 
sponding to high atomic weights, should, perhaps, t*«.h 
include several elements; different in atomic wfiight but 
very similar in other properties* Thus, in the place which 
we usually assign to lead, we should expect to find a mix- 
ture of ordinary lead, radium B, D, and G, and, perhaps, 
also at least one other radio-active product from thorium 
and one from actinium* These different substances, ac- 
cording to the hypothesis, should have identical spectra 
and be inseparable by chemical means, but, coming from 
different sources, tney should have different atomic 
weights. The theory supposes that each a- transformation! fr - 
volves a loss Pf valence of two, and each ^-transformation 
a gain 6f valence of one* The ^-transformation involves 
no< change of weight. Thus, radium D (supposed to have 
an atomic weight of 210), after two & and one a- trans- 
formations, returns again *8 radium- G to the same place in 
the periodic system with an atomic weight 6f *mly 206. 
This place is that assigned to lead (which some suppose to 
be primarily radium G), the only one of the radium series 
possessed of a long life and net highly radio-active* 

The problem is one capable of a decisive gravimetric 
test ; specimens of lead, com isting of different mixtures, 
obtained from different sources, should have different 
atomic weights. On the generous suggestion of Dr. 
Fajans this matter was taken up in the autumn of 1913 at 
Harvard. . «» 

j[Note*-— Mr* Max E. Lembert, Dipl* Ihg*, a pupil Pf 
Dr* Fajans, was sent by him and the TechniacheHoch- 
schule, of Karlsruhe, With the support of Prof. Bredig, to 
HarvardUniversitv especially for tius purpose* Sir Wlfifam 
Ramsay, also, at about the AametiW t*ad urged on behalf 
of Dr. Soddy that the atomic w* 4t of radio-active lead 
should he studied m the Wolcoti Gibbs Memorial ‘Labora- 
tory; ’ It is needless to say that the opportunity was wel- 
comed ; indeed, the matter would have been taken uphejrt 
before, except for a fear of trespassing, upon a field which 
might properly be considered as belonging to the proposers 
of the theory. A brief announcement of this work. was 
made by Dr. Fajans at the meeting of the Bunsen Gesell- 
schaft in Leipsigon May 2z, and a brief notice - was 
published in Science on June 5, 1914.— -T. W* R.)» 

In order to glean as much knowledge as was within 
reach, we have endeavoured to obtain as many different 
samples of radio-active lead as possible, and to determine 
the atomic weights of the possibly composite element by 
precisely comparable methods, so as to discover if any 

* From the Journal of the America* • Chemical Society, mvh, 
No. $v , 
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variation might exist in the chemical equivalents of the impurity most to he feared in our radio-active materia! ,/a~ 

different products. sample of this salt was mixed with about one-tenth of Its 

* ' It is a pleasure at the outset to express our deep grati- weight of bismuth nitrate. After three recrystallisatipbS 

tude to many workers in radio-activity who have furnished only a trace of bismuth remained in the crystals, and me 
us with; material. Without this general co-operation, it fourth removed all that trace which could be detected W 
would not have been possible for us to accomplish any- qualitative means. There is nodoubt, also/tbat crystallir 
thing in so shdrt a time, and we cannot express too highly i sation of the chloride likewise is a very efficient means of 
ojir appreciation. - purifying lead. , ~ " , ? 

In brief, the method of analysis was essentially similar Our first sample of radio-active lead was very kindljr 
to that used so successfully by Baxter and Wilson in their furnished by Dr. Fajans ; indeed, his generous initiative 
Work upon the atomic weight of ordinary lead (Free. Am. in this way made it possible for us to begin.’ . It/was frh$ 
Acad., 1907, xliiu , 363). The chloride ’ was in, each case Colorado carnotite and came to. us as chToride, Cbntainlng 
prepared in a state of great purity by recrystallisation in doubtless traces of iron, bismuth, and offier subitance^ 
quartz and platinum vessels, after extensive preliminary It was, in the first place, recrystallised eight tfmesfrom 
treatment to eliminate foreign substances. This chloride the aqueous solution, but even after this treatment was hot 
was carefully dried m a desiccator, and heated to fusion in absolutely white in colour, containing still a trace of iron, 
a stream , ox hydrochloric acid gas and nitrogen, in the Three more crystallisations from hydrochloric acid sold* 
quartz tube oJf the well-known bottling apparatus which tion yielded a product of pure whiteness, but because tff, 
Served' in so many similar cases (Richards, “The. the slow elimination of the impurities; this sample, 

' Faraday lecture of igir,’* jfourn. Chem. Soc., rgn, could hardly be considered as a finar product j therefore ill 
xeix. , 1203.) The lead chloride was then dissolved in the remainder of the material was dissolved in a great 
much water, and the chlorine precipitated by silver nitrate, volume of water, acidified with nitric acid, and saturated 
Both the Weight of silver required and the weight of the with hydrogen sulphide. The carefully Washed sulphide 
precipitate were determined in the usual Harvard fashion, was dissolved in nitric acid, and the nitrate was thriefe 
As a further check upon the work, control analyses, crystallised (once in platinum) from acjd solution. That 
'giving the atomic weight of ordinary lead, were carried part of the sulphide oxidised to sulphate was dissolvedTn 
;out in precisely the same way. These yielded essentially ammonium acetate and again precipitated by sulphuretted 
'the Same value as that found by Baxter and Wilson, and hydrogen, this process being repeated until practicallyjll 

more recently by Baxter and Grover, in work as yet un- of the sulphide had been converted into nitrate/ The ; 

published.. purified and recrystallised nitrate was precipitated as c/s- 

" Tfie outcome was striking. There can be no question ride by purified hydrochloric gas as. before, and’ the Wi* 
that the radio-active samples contain, another element duct was recrystallised twice from dilute hydrochloric 
/having an atomic weight so much lower than that of ordi- acid and once from pure water in a quartz, (fish 
nary lead as to admit of no explanation through analytical (Sample, D), ■« ? > 

etror, and yet so nearly like ordinary lead as not to have - ^ A second source of radio-active lead was very kindly 
beCn separated from it by any of the rather elaboram provided by Sir William Ramsay, consisting of residues 
processes to. which we had subjected the various samples, from pitchblende mined in Cornwall* The browiif-gery 
All Che materials used in the work were purified with the powder contained ferrous carbonate and many other sub- 
care usually employed in work of this kind. The silver stances besides lead. This latter element we separated in 
was made by the precipitation of very pure silver nitrate the first place by the solution of the material in nitric 
by ammonium formate, and fused upon boats of the purest acid, and precipitation with pure sulphuric acid (free from 
/ lime iti hydrogen. The hydrochloric acid gas used for lead), with the addition of alcohol. The sulphate wits 
J fu$ipn ana precipitation was obtained by dropping pure washed by decantation until practically free from kon, afid 
J 1 snlpbisric acid into chemically pure concentrated hydro- was dissolved in ammonium acetate and tartrate.; That 
chloric acid, furnished by a trustworthy firm and known portion of the original residue Which refnsed to dissolve in 
tb.be very pure. It was carefully dried and freed from nitric acid was also treated with ammonium acetate to die* 
spray by many towers of glass pearls, drenched with sul- solve any lead which might remain as sulphate. ” This 
; phuric acid. For precipitation this acid was dissolved in again was precipitated as sulphide. As before, the sulphide 
phre Water in a-quartz flask. The: water, and also the was converted into the nitrate, and this salt was treated 
L nitric acid and other substances used in the work, were exactly as m. the. case of Sample D. The resulting product 
^purified according to the. methods usually employed at was designated Sample F, and similar material, prepared 

* Hatvaird for this purpose. / # , plater from the same substance with Bomewhat greater cate, 

The .description of the preparation of the various was designated as Sample G. , 
samples of lead demands further elaboration. For the A sample of radio-active lead from Ceylonese thorianite, 
first sample of common lead, used as control material, a furnished through the great kindness of Prof; Bbltwood, 
commercially pure specimen of non- radio- active lead bad already undergone considerable purification. From 
acetate was three times recrystillised from acetic acid 25 kg. of the thorianite (which contained about three 
solution and the chloride was precipitated, after consider- times as much thorium as uranium), .noo grins, of' lend; 
able dilution, by pure hydrochloric acid gas. After the nitrate had been prepared in a state of considerable purity, 

’ chloride had been many times washed and recrystallised and too grms. of this precious material were placed at bur 
' from water, its aqueous solution was filtered through a disposal. In its preparation the thorianite had been. dte~ 

, Gooch- Munroe crucible to eliminate threads of filter paper solved in concentrated nitric acid, and the neutralised 

* and other solid impurities. The lead chloride was then solution had been precipitated, when moderately dtfete, 

“ twice more recrystallised in a platinum dish and dried with hydrogen sulphide. The sulphide, after, filtration, 

* over potassium hydroxide (Sample A). was. then dissolved m hydrochloric acid with the addition 

- A second Bample of ordinary lead chloride was prepared of potassium chlorate, and tfie lead chloride twice recrtB- 
’from the purest lead nitrate of commerce in a similar talKsed, converted into nitrate, twice more recrystaltised, 

manner. This salt was crystallised , three times in glass and came to, us ai this state.. We crystallised it four 

- and twice in platinum, and its aqueous solution was pre- times more in a quartz,dish,.and finally converted it fnto 

* ciprtated by pure hydrochloric acid gas in a quartz flask, the chloride, which was twice recrystallised, from acid 

-The salt was thoroughly Washed with many treatments of solution and once from pure water, ■'/;,■ 

- wgsh. water, centrifuged, and finally crystallised three A somewhat similar sample, also from Ceylon, came to 
, - times* from a -solution weakly acidified with hydrogen us through the kindness of Mr. Miner, Chief Chemist of 

’ chloride in a quartz dish (Sample E). the Wrisbach Light Co„ of Gloucester City, " 

- In order to test the efficiency of crystallisation of lead .The source was akUogrra. of thorianite. / TW, 'after Shw- 

- nitrate' as a means of freeing this salt from bismuth (the tion in dilute nitric acid (the solid residuefbeiag separated)* 
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. wh precipitated with oxalic acid to eliminate the thorium, 
the filtrate, made alkaline with ammonia, was precipi- 
} |a|ed with hydrogen sulphide. But much of the lead had 
*:ebn& 'into, the oxalate; precipitate, so that Mr. Miner very 
" kindly recovered this also for us, treatingthe precipitate with 
. sodium -hydroxide and extracting with hot water. From 
"iftia lye; hydrogen sulphide precipitated a mixture of 
"'«{ght|es which contained much more lead. These two 
-sample* of sulphided we now united, dissolved in nitric 
' acid# and .crystallised four times as nitrate. The product 
i ^wadibnyerted in the usual manner into the chloride and 
lllPteuated Sample M*- A further product made from lead 
^oxidised to sulphate by the action of nitric acid, gave 
" another sample, N. 

/, : Whsn the work was well advanced, ariew sample of 
;^oheinian araniam-lead w;as prepared especially for us 
T^brougMke .kindness of Dr. Fajans in the following way : 
— « Das gerdstete Erz wurde mit einem Gemenge von 
and HN 0 3 (zur Oxydation der vorhandenen Sulfide) 
laehandelt, und dadurch das XJran in LSsung gebracht. 
■■'I;-::.. Ruckstand enthielt das Blei als Sulfat, und wurde 
. ibm durch Behandlung mit Aetznatron entzpgen, durch 
Aos&uern wieder ausgefallt, und faiittelst Soda in Karbonat 
? verwandelt. Dieses War dann in HN 0 3 aufgelost und das 
;Nittat kristallisiert worden. Das Pr&parat wurde unter 
-:,AusschIuas der Moglicbkeit einer Verunreinigung durch 
^Rlei Undmer Prpvenienz gewonnen.” This nitrate (which 
^contained lead oxide and traces of iron) was purified! in 
i;two different; ways. One part was precipitated like 
. '^Sample F twice as sulphide. This was converted into the 
;Initcate, and was three times re*crystallised in quartz, being 
; finally turned into the chloride as Usual (Sample 1 ). 
^Another part was re-crystallised only three times as nitrate, 
"then- turned into chloride, and again re-crystallised 
(Sample K), but according to the results of the analyses 
ft appeared to be as pure as the most carefully treated 
product* From the lead sulphate which appeared during 
‘the ablution of the sulphide (Sample 1 ), yet another 
i';f*fcotf0n, Dj was made. 

*^Bfcth*ps*he most valuable of all our samples (because it 
came from very pure ore) was a small amount of 3*8 grms. 

^ pf lead chloride very kindly given us by Prof. Boltwood 
iV aod' Dr. Ellen Gledifcsch, of Christiania, Norway, now 
5 collaborating with Prof. Boltwood. This product came 
from the analysis df no grms. of the purest selected 

* Utaninite from North Carolina, U.S-A. The material was 
practically of pure radio-active origin, no other lead except 

| that frpm uraninite itself being included. The sulphides, 
which had been precipitated from an acid solution of the 
L mineral, Were dissolved in nitric acid and the lead separated 
as chloride.. This was crystallised three times from hydro- 
' chloric acid solution, and,, finally, once more from 
, aqueous solution in a quartz dish, and was designated 
SaihpleD^ | 

Another sample, P, was prepared from the filtrates of I 
ell the analyses of Sample D. Silver (in addition to other 
\ slightly electro-positive elements, if present) was removed 
v by slow fractional electrolysis. The residual electrolyte 
repeatedly recrystalllsed as chloride. It will be 
^noticed that the atomic weight was essentially unchanged. 

.. One of the samples provided by Dr. FajanS came 
■“originally from Prof. Giesel, and the other had been pre- 
: pafOd with, a subsidy from the Heidelberger Akademie der 
/;Wisaenscbaften* We wish to express our grateful thanks 
;; t tOKthesft’ helpers also. A list of the sources of these 

* various samples may facilitate comparison. 

If / Sources of Samples of Lead Chloride . 

$ -Sample A;— Commercial lead acetate, Germany. 

Sample ,R^-Camotite, Colorado, U.S.A. (impure), 
hi ' (Fajans). 

Sample C. — Camotite, almost pure. 
sk’l Sample B.— Carnotite (be most carefully purified, 
tr Sample E. — Commercial lead nitrate, America. 

“i Sample F*— Pitchblende, Cornwall, England (Ramsay)* 
Simple G.— Pitchblende, the most carefully purified. 


Sample H.— Thorianite, Ceylon (Boltwood). 

Sample I.— Pitchblende, Joachimsthal, Bohemia, 
purest (Fajans). 

Sample K.— Pitchblende, preliminary product. 

Sample L.— Pitchblende, same as I. 

Sample M. — Thorianite, Ceylon (Miner)* 

Sample N.— Thorianite, later fraction. 

Sample 0.— -Uraninitei North Carolina, America 
(Gleditsch). 

Sample P.— Extremely careful purification of Sample D* 
Sample R.— - Sample 0 , further purified* . 

The consistent method according to which all these 
samples were analysed has already been briefly described, 
but perhaps a few points concerning the details deserve 
discussion. 

The desiccator-dried lead chloride was always fused In 
a current of hydrochloric acid gas, as already stated, in 
order to be sure that the water was expelled as completely 
as possible. There was reason to expect that lead 
chloride thus fused should be neither basic nor containing 
an important amount of dissolved hydrochloric acid* In 
support of this conclusion we may cite the neutrality of 
other chlorides thus fused, as determined by the alkali- 
metric testing of the dissolved material. (See, for example, 
Richards and Hfinigschmid, Joum. Am, C hm.Soc., xgxo, 
xxxiii*, 28 ; Sits, b. Akad . Wise* Wien» t xgio, cxix. ( 
Chemical News, 19x1, civ., 182, xgo). It is true, of 
course, that the specific nature of each chloride is different, 
and reasoning from analogy is not always safe. 

After the lead chloride had been cooled within the 
bottling apparatus in nitrogen, and this gas had been dis- 
placed by air, the fused salt in its platinum boat was 
pushed into a weighing bottle, in which it was weighed 
with great accuracy. It was then slowly dissolved in a 
large bulk of warm water (about 40°) contained in a large 
Erlenmeyer glass- stoppered precipitating flask* We veri- 
fied the experience of Baxter that no chlorine is lost 
during this process. 

In spite of our precautions, our samples of lead chloride 
always exhibited on solution in water a small amount (3 or 
4 mgrms,) of white precipitate, which was shown by m 
immediate solution in a trace of acid to be a bask art I, 
This may have been partly due to alkali dissolved j^otu 
the glass. The literature concerning lead chlorida tie* 
gested that it may be somewhat hydrolysed in aqueous 
solution. (See, for example, Abegg T s “ Handbuch,’ f xpog, 
III., 2nd Part, pp. 648—653 j also p. 657). If this is the 
case, and the trace of basic precipitate came from this 
cause, it would, of course, have no effect whatever on the 
result, provided that it was dissolved in a drop of nitric 
acid before adding silver nitrate. On the other hand, if 
the basic salt had been formed duringiusion, its presence 
would signify a real loss of chlorine, and the resulting 
atomic weight of lead would he too high. We obtained 
from ordinary lead essentially the same values as those 
found by Baxter and Wilson (and later by Baxter and 
Grover) ; therefore the error (if it exists) must apply equally 
to both sets of determinations. Because lack of , time pro** 
vented our solving the question, we strove only for com- 
parative results ; our problem was not so much to And 
the true atomic weight of lead, but rather merely to And 
if the atomic weight of radio-active lead is like that of 
ordinary lead. The suitable correction, if any is needed, 
can be applied at any time by subtracting a small quantity 
from each of our values, which were obtained under 
precisely similar conditions. Prof. Baxter and bis students 
have previously met with this difficulty in the cases of both 
lead chloride and lead bromide, and they have been for 
some time engaged in experiments directed towards solving 
the problem. , , 

One other correction is involved in three of these 
analyses, Nos. 2x, 25, and 28. In these analyses a com* 
bustible black residue, chiefly carbon, of appreciable 
amount, was left upon dissolving the lead chloride, due 
doubtless to organic matter taken from the filter-paper 
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during purification* In each cade this was very carefully j 
afld.W0ighed on a Neubauer crucible, and the i 
weight subtracted from the original weight of lead chloride. : 
These thrill :®9c$ectkms, were, respectively, 0*83, 0 66, and 
0*20 mgrms. None of the other analysed, was entirely free . 
from this carbcftSogmis substance, but the amount wad in 
’ every other case .less than the least of those j uat mentioned , 
Aafti-3WUs Its presence would tend to increase 

very slightly the observed atomic weight determined from 
of -lead, chloride to. silver, but would have no 
appreciable effect on that referred tos.ilver chloride. : 

The lead chloride which has been thus weighed and dis- 
- solved; yvafc precipitated by a_ weighed amount of. silver - in 
the' usual way. No unusual precautions were necessary, 
except that we found that when the solutions were concen- 
trated, lead chloride is more easily occluded by the silver 
chloride than many other , salts (this confirms the experi- 
ence of Baxter). Working,, however, with solutions so ( 
dilate that only x grm. of lead chloride was contained in . 
300 cc. of the solution, we were but little troubled from I 
this source. According to Franke the salt must be about | 
80 per cent dissociated at this dilution {see Abegg’s 
“Handbook,** loc. cit .). The precipitate after several 
days comes to a definite and consistent endpoint, un- 
changed by further standing. In order to establish the 
end point with greater exactness, the solubility of the 
silver chloride was reduced by cooling the solution almost 
to o° before removing the samples to be tested. As usual, 
silver was added to the very nearly precipitated mixture 
until 25 cc. portions of the supernatant liquid showed, in 
the nephelometer, the same cloudiness with excess of 
added chloride in one test-tube as. with excess of added 
silver in the other. The amount of silver exactly equiva- 
lent to the chlorine having thus been found,' an excess of 
dissolved silver was added in order to precipitate the dis- 
solved silver chloride, and the whole was filtered with the 
usual precautions on a carefully weighed Gooch- Munroe 
crucible with a mat of platinum sponge. The precipitate 
was dried to constant weight at about 180 deg., and then 
transferred to a porcelain crucible and fused, , in order to 
dislodge the small remaining trace of water. 

In the first place, a number of preliminary analyses were 
made in order to acquire experience in the method. Of 
course some of them failed for one reason or another, 
but they yielded important consequences nevertheless. 
They showed that the method in our hands yielded with 
common lead essentially the same results as those , 
obtained by Baxter and Wilson— our values averaging 
: about 207:15 for tbe atomic weight of lead when it did not 
contain radio-active material. .They showed, moreover, 
that Colorado carnatife contained lead (Samples C, 0) 
having an atomic weight not far from 206*6 by the same 
■method, and that the lead extracted from English pitch- 
blende (Sample F) had an atomic weight of about 206*9. 
The preliminary analyses of the radio-active material need 
„ not be recounted in detail, because the chloride was not 
thoroughly purified, and the analytical procedure was not j 
wholly without fault. The analyses of common lead may 
he briefly recounted. 

* In four closely agreeing analyses, 16*2966 grms. of fused 
lead chloride, after complete solution, required 12*6458 
grms. of silver for complete precipitation. Thus xoo parts 
of silver are equivalent to 128*87 parts of lead chloride, 
and if the atomic weight of silver is taken as 107* 88, lead 
becomes 207*14. Again, in two closely agreeing analyses, 
$-17662 grms. of fused lead chloride yielded after due cor- 
rection 8*4293 grms. of silver chloride. Hence, xoo parts 
pf silver chloride correspond to 97*002 parts of lead chlo- 
ride, and on the same basis as before lead becomes 207*16. 
The mean between these two results, 207*15, may be 
. taken as, the experimental value for the atomic weight of 
ordinary lead as observed under these conditions. This 
result is about halfway between that found by Baxter and 
Wilson, and that more recently found by Baxter and 
GrOver? but not yet published. Therefore the results 
"indicate that the method had been mastered, and. that it 


had been giving sufficiently satisfactory resuft&ihrcugb- 
out. The agreement of our results by the two mefbods 
shows that no important amount of- impurity; was occluded 
by the . precipitated silver chloride* in agreement with 
Baxter's outcome. 

Most of the analyses thus summarised -were madebe fee 
the radio-active lead was attacked. Inthe last One, mdfie 
at the very end of the work, 5*0089 grins. Of lead Cttfoiifte, 
were fused and dissolved as usual, but before precipitation 
an amount Of the nitrate of radium D . (kindly-sent^ by ®r. 
Fajana) was added, sufficient to make the radro-actfvfty ^ 
the mixture correspond approximately totha^of 
This was in order to discover whether- or not the ^pfo&xfte 
of radio-activity produces serious effect upon'precipifatfon. 
As the atomic weight calculated - from this last result 
(207*14) was exactly like the average, it is evidefit thaf the 
analytical process is hot affected by the mere prhStoW^of 
radio-activity. vu 1 ’ — 

Let us now turn to the Anal results for material obtained 
from radio-active sources. The work was donewitfr great 
care, and because of foe experience gained In foe pre- 
liminary trials, the results were mere satisfactorily- h^h- 
cordant. All the figures concerning -these -final eerier fire 
given in the table below, no experiment having been 
omitted except a single analysis of Sample O, wbich was 
made before it was fully purified, and was \ ^therefore 
rejected. Table III. contains foe weight of silver nee<&d 
for each specimen of lead chloride,' and Table IVv the 
weight of silver chloride obtained. The last two- columns 
of each table record foe ratios of the substances 'tern- 
cerned and the atomic weights of lead computed > in foe 
usual fashion from these ratios, assuming the :sEttttiic 
weights of silver and chlorine to be 107*88# and 35*458 


weights of silver and chlorine to be *07*$ 
respectively. 

Table III. — Final Results, 
Series 1.— 2Ag : PbCla. 
Corrected Corrected 
No. weight weight 

of Sample Ag. of fused equivalent 
anal. PbCl. PbCl Ag PI 

in vacuum, in vacuum. 

16. D X 3*87082 3*00984 f 

18. D X 5*57331 4*33300 - X 

26. P Z “ 5*494x2- 4*27 157 J 


PbClarAg.. weight 


*•28606 

X*5s 862 ft 
1*28621 ' 


Sum 14*93825 ix*6i 441 Av* I*x86i t 8 -,^§9 

X 3*88228 3-01600 **28723 2$r§x 

Y 4*0555° 3*X506x r 28722 : 2b6 ; 8i 

X,Y 4*05168 3*14788 1-28712 2q6*yg 


Sum xx‘98946 9*31449 Av. I'zSjig yaG&i 

Y 2*80814 » 2*18x62 *>2871$ r ao6f8x 

X 3*95052 3*07209 1*28594 2^*54 

X,Y 2*95726 2*29951 - 1*28604 206*56 

Sum 6*90778 5*37160 Av. t*28598 ^5^5 

Y 4*0570^ 3^5153 1*2873^ 2^84 

Z 2*0x795 .x *56952 


Thus the final analyses yielded resuftr esse^iiaffpt&e 
the preliminary.ones; The situation 'Will become xlesqer 
if the results are all collected and averagwf Jn jt ^dia- 
marised table (V.) giving the values of foe atomie weight 
corresponding to each kind of lead. , . - ■ ' \.r 
The result is amazing. Evidently then foe chemical 
equivalents of these different specimens are markedly 
different from one another* Because the foptbdfi of 
analysis was the same in each case, one xanmt&elp 
thinking that there is a real variation in foe chemical 
equivalents of these samples of lead* Eitheraslarge 
amount of some element having a chemical equivalent 
nearly as great as lead, or ■. a sfoaU^ amwal of 
an element having a • low chemical.-; xqotalent 
must be present, mixed with foe.8ubktance>whfo&-\ye 
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ordinarily call lead. The fact that all the analyses were 
carried out by the same method, and that each sample 
1 fives consistent results, seems to exclude the effect of 
, analytical error. The nature of this admixture it would' 
be perhaps premature to decide* Clearly it has reactions 
very much like those of lead, if not exactly identical ; for 
the various processes to which our material was subjected 
Would have eliminated any element widely different. 
Moreover, “the fact that protracted purification had no 
•effect on the atomic weight of any one sample is evidence 
n the same direction. 
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Table IV.- Final Results, 
Series a. — PbCl»: aAgCl. 
Corrected Corrected 
From Semite weight weight 
Series of of fused effused 
No. x. FbClg* PbCla AgCl 

in vacuum, in vacuum. 

16 D 3*87082 3*99879 

-i xS. D 5 * 5733 * 575707 

26. P 5*494« 5*67573 


Ratio, 

PbCl : AgCl 

096799 

096808 

096800 


Weight 
Ag *■ 
X 07 - 33 * 

206*59 

206*61 

206*58 


m 14^93825 *5*43*59 JAv. 0*96803 206*59 


4 ®>. 

43 * 


46* 

" 45 * 

1 47 * 

•nx- 


*7 

20 


H 3*88228 4*06703 
fi , 4-05168 4*18265 


0*96886 206 84 
0-96870 20678 


Stan 7*93778 8*18968 Av. 0*96877 ao6*$x 


24 

22 

23 
29 


M 

K 

G 

R 


2*808x4 

2-95726 

4-05702 

2*61795, 


2*89816 

3**5475 
4* 18679 
2*08663 


0-96894 
0*96809 
o 96903 
096767 


206*85 
206 *6 1 
206-88 
206 32 


Table V.— Final Values found for Atomic Weight of 
Lead from Different Sources. 

, Lead from North Carolina uraninite (Sample R) v 
-JCead frorfi Joachimithal pitchblende (Sample I, K) 

Lead from Colorado carnotite (Samples u and Pi 
Lead frpm Ceylonese tborianite (Samples H, M) 

Lead from English pitchblende (Sample G) . * . . 


'Common lead 


20640 

2*6*57 

206-59 

206*82 

206*86 

207*15 


“A' word should be said concerning the determination of 
^e radio-activity of these various samples, which is an 
.Important item in the consideration. The determination 
was made by means of a -quantitative gold-leaf electro- 
‘’irndpe oT the usual type-a square brass box with mica 
Sv md bws. containing a gold-leaf suspended from a flat rod 
. passing Vtfiiroughambsr. The hoi was grounded and the 
electroscope was charged by means of tubbed sealing wax. 
-The material to be investigated was placed on a wooden 
halide., beneath the instrument. The tf-rays (which alpne 
>wef e studled) were measured, being allowed to come into 
Ifbe-box -through ajscreen of thin tinfoil and aluminium 
fall. Iq the first place the time taken for the gold-leaf to 
; fall between two definite points in the micrometer eyepiece 
jof the observing telescope was, noticed when no radio- 
-active substance was present ; then the .times far the 

• various portions were studied under precisely like condi- 
tions and compared with the same weight of uranium 
vtrioxide. Prom these times of fall the rates were easily 
. computed, and on subtracting from the rates with radio- 
active substances, the rate when nothing was present, the 
comparative values for the various substances were ob- 

; tained. Immediately, after purification, of course, the 

• specimens were practically non-radip-active, because 
during crystallisation radium E, which is the chief source 
of the A-rays, goes into the. mother liquor. As is shown 

: byr the figures for our Sample jD at the top of Table VI., 
' the. radio-activity, of freshly prepared crystals steadily in- 
f Creased in the usual curve until the maximum was attained 
i in about thirty days. Radium E is then in equilibrium 
with radium D. The table gives, in its lower part, a com- 
LparjisOnjof the. radio-activity pf the different samples. It 
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will be seen that Sample D was the most radio-active. 
Sample O next, and Samples P and G the least. An old 
sample of uranium trioxide is included to give an idea of 
the magnitude of the effect. 


Table VI. 


Sample of PbCJa. 
i *5 g. 


D . 
D . 
D . 
D . 
D . 
D . 
D . 
D . 
D . 
D - 
D , 
D , 
D . 
D . 
BP) 


i -37 a* 


in days seconds 


Natural 

Corrected 

elapsed of fall of 

Rate of 

fall of 

rate of 

since 

gold-leaf 

fall per 

leaf per 

fall with 

crystal* withpre* 
lisation. paratioa. 

minute. 

minute. 

prepara- 

tion. 

0*2 

472 

0*127 

0*043 

0*084 

1*2 

203 

0*296 

0*035 

o»6z 

2*0 

144 

0-417 

0*035 

0-378 

4*1 

9 * 

0659 

0*036 

0-623. 

5*2 

78 

•0*769 

0*041 

0-728 

6‘i 

7 i 

0845 

0-042 

0-803 

7 *o 

69 

0-870 

0-043 

0*827 

8*9 

64 

0-942 

0*037 

0:905 

X2-X 

56 

Z072 

0-039 

X‘033 

*4*3 

x6-3 

53 

*‘*33 

0043 

Togo 

49 

X-220 

0*039 

Z-i88 

i8-o 

49 . 

*'220 

0-939 

Z*x88 

27-0 

43 

**396 , 

0*646 

**350 

40 '0 

43 

r 39 fi 

0-645 

V 35 * 

>200 

47 

z»27 8 

0*03 z 

*‘*47 

59*0 

53 ** 

**132 

0*045 

X‘087 

40 

265*0 

0*226 

0*045 

o»z8x 

24 

- 270*0 

0-222 

0*045 

°**77 

35 

204*0 

0*294 

0-045 

0*249 

? 

182*5? 

0*329? 

0*045 

0-284? 

29 

257*5 

0-234 

0-045 

0-189 

20 ± 

85*0 

0707 

0*045 

o*66a 

► zooo 

628*0 

0*095 

0045 

0-050 


(z) This sample was taken from the impure original lead 
chloride from c&tnotite, as we had received it. The 
slightly tower value is probably due to another siae 
of crystals and the non-tadio-active impurities. 

Although in general the samples of lead having greater 
radio-activity show less atomic weight, the decrease in the 
atomic weight is not exactly proportional to the radio- 
activity. For example, preparation O (the same material 
as preparation R) is distinctly less radio-active than Sample 
D, although the atomic weight exhibited by 0 is decidedly 
more divergent from the usual value than that exhibited 
by D. The rates of fall for 1-27 g. of 0 and D, both 
twenty days old, were respectively 0*66 and 0-99, whereas 
the deficiencies in the atomic weights of these samples 
were respectively 0-75 and 0*56. The irregularity suggests 
the presence of more than two variables. More data are 
clearly necessary for a definite conclusion. The attempt 
to explain the relationship will therefore be deferred. 

The Bpectroscopic examination of one of these samples 
(Sample D) was conducted with the generous help of 
Professor Baxter in his admirable Ffcry quarts spectro- 
graph, Very well-defined photographs of the ultra-violet 
portion of the spectrum of our Sample D (after it had been 
recovered from an analysis, and therefore contained a 
trace of silver) were taken on a film, side by side with 
similar photographs of Baxter’* purest lead. The paral- 
lelism of the two, both as regards the number of lines arid 
the intensity of the lines was complete throughout the 
whole field, from wave-length 0*4/4 to the extreme ultra- 
violet visible in this instrument (about 0-200/1) except that 
the characteristic silver lines 0-3281/4 and 0-3383/4 were 
clearly depicted and the prominent copper lines 0-3248/4 
and 0-327 4/4 were faintly visible. The latter had an in- 
tensity corresponding, on a very conservative estimate, to 
1 part of copper in zoo, zoo parts of lead, determined by 
comparison with the spectrum of lead containing known 
traces of copper— an amount far too minute to have any 
effect on the atomic weight. . 'The silver doubtless came 
from the analytical operations, as already said ; and its 
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manifest appearance is good evidence of the great sensi- 
tiveness of the spectrometer. No shifting or obvious 
broadening of any of the lines was observed, but it would 
not have been possible to see a very slight effect of this 
kind. 

Thus it appears that the lead from radio-active sources, 
having an atomic weight of 206*6, gives essentially the 
B^me ultra-violet spectrum as ordinary lead, having an 
atomic weight (determined by the same method in parallel 
analyses) of 267*15. 

The. obvious inference to be draUrn from this amazing 
result is that one of four alternatives muBt hold true. 
Either the- unknown substance, which is mixed With ordi- 
nary lead and" produces the lower atomic weight, has the 
same spectrum as lead itself; or else it gives no lines 
whatever in the ultra-violet range of this 1 photograph ; or. 
' else the presence of a large bulk of lead hides or aborts the 
spectrum of the foreign admixture ; . or else ordinary lead 
a similar ta&dtey in somewhat different proportions. It 
Xh perhaps premature to decide between these alternatives, 
but all are of interest, the first and last of course being the 
"most revolutionary. 

<To be continued). 


PROCEEDINGS OF SOCIETIES. 

ALCHEMICAL SOCIETY. 

Ordinary Mating, January 8, 1915. 

Mr. H. Stanley Reuorove, B.Sc., F.C.S., Acting 
President, in the Chair. 

A highly interesting paper oh " The Philosophical Channels 
of Alchemical Tradition ” was read by Mr. Gaston De 
Mbngel. 

Mr. De Mengel opened his paper with a description of 
What he termed the “white” and the “black** traditions^ 
their interaction and commingling. Alchemy, he observed, 
early caihe under a ban, owing to its alliance with magic 
—product of the “black” tradition— from which, however, 
St soon freed itself. He mentioned various philosophical 
soils in which the tree of alchemy had grown, and dealt 
particularly with Greek philosophy as it flourished in 
Alexandria in the third century a.d. Alchemy, he con- 
sidered, owed much to Platonism and Neo-platonism— 
Plato, through Pythagorism, serving to link Greek freer 
thought to the ancient Orphiomysterips arid authoritative 
religion* -its mind, he said, .was essentially intuitive ; the 
alchemists were weak m their dialectic, and their experi- 
ments — or rather their descriptions of them— are not to 
be relied on; The value of alchemy lay rather in what 
revelation it might yield us of the esoteric doctrines, 
imbued with all the fervour of mysticism, and for which it 
ultimately came to serve as one of the repositories. 

The full text of the lecture and a resumi of the discus- 
sion which followed will appear in the January number of 
the Society’s Journal. . 


NOTICES OF BOOKS. 


Elementary Practical Chemistry . By J, E. Myers, M.Sc. 

(Viet.) and J. B. Firth, M.Sc, (Viet.)* London: 

Charles Griffin and C, ? . Ltd, 1914. 

The material in this book has been carefully selected to 
suit the requirements of students of medicine and phar- 
macy. General methods of preparation axe first de- 
scribed, so as to give practice m easy manipulation such 
as precipitation filtration, & c. Qualitative analysis, in- 
eluding the detection of the constituents in simple mixtures, 
* is then treated, 'and elementary ..gravimetric and .volu- 
metric work* folto^^ together with a little gas analysis. 
The chemical reactions: of some: organic compounds are 


described, and a scheme is given for the Menrification of : 
the commoner organic compounds* The book contains 
no superfluous matter whatever,' and the directions are 
always clear and concise ; it will undoubtedly be found 
useful as an introductory practical book by students other; ' 
than those for whom it is specially intended. ’ 1 .V 

The Elements of Physical Chemistry . By J. Livingston 
R. Morgan, Pb.D* -Filth Edition. =New 
Wiley and Sons, Inc. London: Chapman and Hall, 
Ltd. 1914. _ _ ;/,j 

Thi s is a useful general review of physical chemistry, 
which without going very deeply into any particular 
branch gives a very clear summary of the whole subject, 
and prepares the student for the use of more detailed and 
exhaustive treatises. The treatment is as non-matbe- 
matical as possible, and the needs of the student who is 
working without a teacher are specially considered* The ■ 
fifth edition has on the whole been very much enlarged, “ 
although certain parts have been curtailed. ^hus, 
discussions of the phase rule and of colloidal 'Solutions 
have been restricted, the reader being referred to special 
works on the subjects for fuller details. The system, of 
notation has been changed throughout, in order that it.' 
may agree with that recently adopted by the International 
Commission for the Unification of Physico-Chemical 
Symbols. 


The Manufacture of Organic Dyestuffs. Authorised 
Translationirom the French of ANDkfe WahvD. fes : 
by F. W. Atack, M.Sc. Tech. (Manc.)VB.Sc. (Lend.), 
A.I,C. London : G. Bell and Sons, Ltd. 1914. 11 , 

The appearance of a book upon the manufacture of aniline 
dyes is most opportune at the present moment, and it 
should be assured of a cordial reception, especially as it is , 
in every way well planned and thoroughly practical. It 
will be found excellent for technical students, for whom it 
is specially written, and also for practical men, providril , 
that they have a good general knowledge of organic 
chemistry. The raw materials of the dyestuffs and- the 
treatment to which they are subjected are first discussed, 
and the general principles of the reactions by which they 
are converted into the intermediate products are outlined. 
Then the dyestuffs classified according to the ebromophore 
present are described in full* The application of them is 
treated only very shortly, but all the details of manufac- 
ture,. quantities, co^ts* &c,, are taken' from actual 
practice. - /J'V ’ • ' . 

The Effect of the War on Commercial Engagements . 
By F. Gore-Browne, M.A., K.C. London; Jordan 
and Sons, Ltd. 1914. . _ ■ 

Great Britain has been so long at peace with afi the 
Great Powers of the World that there is considerable . 
ignorance in all circles concerning the laws regarding the j 
relations and contracts of British subjects with alien 
enemies. This general discussion of the effects of the 
war upon commercial engagements will be very helpfalfco- 
the public ; it outlines in clear, and as far as possible non- .• 
technical language, the exact state of affairs relating m • 
the position of aliens and the validity of contracts, made 4 
with them, and a summary is also given of the emergency 
legislation and of the proclamations and statutory rules 
and orders which were issued. , * 


The Examination of Lubricating Oils * By Thos, 
Stillman, M.Sc., Pb.D. Easton, Pa. ; The Chemical 
Publishing Co. 1914. 

This book gives, a systematic and concise accouht of 
methods of testing lubricants of all kinds. Clear directions ; 
are given for the performance of the most rapid and simple 
tests, and different kinds of apparatus are jllusuatedshd 1 
their use fully described. The book wilt probably be * 
found most useful by American chemists, for American*' 
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methods ace chiefly described ; for instance, Redwood’s 
viscometer is only briefly alluded to, although a diagram 
of An article by P. H. Conradson on Ap- 

pirates frit the Examination and Study of the Behaviour 
crfMyi’/and Cylinder : Oils and other Petroleum and 
Lum^fcig ;di& v in Saturated and Superheated Steam, 
Carbon Dioxide, : arid other Gases, is included. 



CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Bulletin de la Societe Chimiqut de France . 

Vol. xv.-xvi.» No. 15 » 1914. 

Fluorine in Mineral Waters.— Arraand Gautier and 
P. Clausmann. — Fluorine exists in all mineral waters, 
those of eruptive origin being richest in it, Thermal 
sodium bicarbonate waters contain the most fluorine per 
litre. Cold calcium sulphate waters, whatever their 
superficial origin, may contain about 2 mg. of fluorine per 
litre. In mineral waters of the same kind the proportion 
of fluorine does not seem to be connected with the tem- 
perature, increasing with it, but in waters of the same 
origin, whether thermal or not, the quantity of fluorine 
generally increases with the salinity. In sea-water the 
amount of fluorine varies a little with the station and the 
depth pit oscillates about 0*3 mg. per litre. 

Pfotnsulphides of Alkaline Metals.— 
E. Rjp^de and N. Casteanu,— The authors thought that 
ihe/srmtfd 7 gct ; good results in preparing the proto- 
sulphides of alkaline metals by the direct combination of 
sulphur with a large excess of the metal, which could sub- 
sequently be removed by distillation in vacuo . If the sul- 
phides, like the oxides, were soluble in the corresponding 
metals they would he deposited during the evaporation. The 
experiment is, however, much less easy to perform with 
the sulphides than the oxides. Solid Bulphur does not 
appear to react on fused potassium, and hence it is neces- 
sary to heat the two substances to 200 0 — 300° in a sealed 
vacuum tube. The protosulphides are white or slightly 
yellow at the ordinary temperature. When heated to 
about 300° they become more yellow. They are much 
less soluble in the corresponding metals than the 
oxides, and they crystallise with more difficulty. They 
are more stable than the protoxides and are not affected by 
light nor decomposed by anhydrous ammonia in the cold. 
They are very readily oxidised. In the cold sodium proto- 
sulphide is only slowly attacked by damp air, while the 
others rapidly deliquesce ; when thrown into water they 
dissolve, with evolution of heat. 

Basic Sulphates of Copper. — M]M. Forizes-Diacon*— 
When a solution of sodium carbonate is poured gently 
into a, constantly stirred solution of copper sulphate, when 
the solution is rich in the latter a tetrahydrated tetra- 
cupric sulphide is formed. As the concentration diminishes 
a pentacupnc sulphate is obtained. Finally, when the 
sodium Carbonate is present in excess it decomposes the 
basic sulphates, giving the hydrocarbonate of copper. 
When the supernatant liquid is left exposed to the air 
carbon dioxide is disengaged and blue tetracupric sulphate 
containing five molecules of water, or green tetracupric 
sulphate containing four molecules of water, is deposited 
according to circumstances. 

.Preparation of Anhydrous Nickel Bromide and one 
of its Compounds with Ethyl Oxide;— F. Ducelliez 
and A. Rajmaud.— rAhhydrpus nickel bromide is easily pre- 
pared by die action of an ethereal solution of bromine 
upon the powdered- metal. The action begins at the 
ordinary temperature, and the metal is rapidly transformed 
into a brpwn powder which when heated to 150° furnishes 
light yellow- anhydrbus, NiBr$, readily soluble in water. 
Ap in the case of manganese a compound with ether is 
formed, which facilitates the union of bromine with these 


metals. It is a light brown compound of formula 

NiBra'C^jHioO. - ■„ ;a v , t ?r t jfgfH 

Bromination of Benzene, Toluene, > at^ Xyltn^— f| 
F. Ducelliez, L. Gay, and A. Raynaud.— Mahgaitesris trl 
very good catalyst for bromination, and ean advantageously^ 
be used to replace already known catalysts. -Tt furnishes^ 
an interesting example of catalytic action , on,tihe-4««luaf^v 
an uncombined metal* Its action does not appear to be 
attributable to any traces of aluminium it may contain. 
The homologues of benzene very readily give derivatives 
containing bromine substituted in the nucleus without the 
intervention of a catalyst. 

Decomposition of Aspyrln by Water.— W. E. 
Tsakalotos and S. H orach.— 1 The decomposition of aspyrin 
by water at the ordinary temperature is very slow ; it is 
complete after about xoo days. Acids (H ions) exercise a 
catalytic influence on this decomposition. It is accelerated 
by hydrochloric and sulphuric acids, and the acceleration 
is greater with the stronger acid, hydrochloric acid. 
Acetic acid accelerates the action up to about the eighth 
day and then retards it. Citric acid acts in the same way. 

Cis-Caronic Acid and its Derivatives.— R, Locquin. 

— Cis’caronic acid melts at about 174°, when its melting- 
point is determined by using a capillary tube heated in a 
bath of sulphuric add, but its Instantaneous melting point, 
taken over mercury, is x86°, Terebic acid, with which it 
might be confused, always melts at *74°, whether it melts 
slowly or quickly. The two acids can also be distin- 
guished by the different melting-points of corresponding 
ethers. The best way to prepare caroniC, anhydride is to 
boil cis-earonic acid with excess of acetyl chloride, acetic 
anhydride, or thionyl chloride. When the mass is dis- 
tilled the pure anhydride, boiling exactly at 136— 137° under 
14 mm., is obtained. When a benzene solution of this 
anhydride is mixed in equimolecular proportions with a 
benzene solution of aniline the corresponding phenylamido 
acid is obtained. 


MISCELLANEOUS. 

Messrs. Read, Holliday, and Sons, Ltd.— In a 
booklet recently issued by this firm an interesting account 
is given of the foundation and early history of the firm, and 
their works are shortly described. The firm is one of 
the most important manufacturers of coal-tar colours and 
synthetic dyes in Great Britain, and has recently esta- 
blished a department for preparing drugs and fine 
chemicals, a branch of manufacturing chemistry which 
has hitherto been much neglected in England. 


MEETINGS FOR THE WEEK. 


Monday, 95th.— Royal Society of Arts, 8. (Cantor Lecture). “ Oils, 
their Production and Manufacture,” by Dr. F, 
Mollwo Perkin. 

Tuesday, 96th.— Royal Institution, 3 " Muscle in the Service of 

Nerve,” by Prof C, S, Sherrington; F,R,S, 

— Royal Society of Arta, 4,30. “The Economic De-; 

velopment of British East Africa and Uganda,” by 
Major E. H. M. Leggett, R.E., D.S.O. 

Wednesday, 37th,— Royal Society of Arts, 8. “ Portrait Painting,” by 
Hon. John Collier. 

Thursday, a8th.— Royal Institution, 3. “Modern Theories and 
Methods in Medicine,” by H, G. Plimmer, F.R.S, 
— Royal Society. “ Influence of Salt Concentration 

on Haemolysis,” by W, W. C. Topley. “The 
Life-cycle of Cladocera, with Remark* on the 
Physiology of Growth and Reproduction in 
Crustacea,” by G. Smith. “ Investigations on 
Protozoa in relation to the Factor limiting 
Bacterial Activity in Soil,” by T Goodey. “ The 
Mesodermic Origin and the Fate of the so-called 
Mesoctoderm in Petromyzon,” by S. Hatta. 
“ Influence of Direction of Homodromous and 
Heterodromous Electric Currents on Transmis- 
sion of Excitation in Plant and Animal,” by 
J.C. Bose. 

Friday, 39th.— Rogil InstUution^p.^ “ Gaseous Explosions,” by Dr, 

Saturday, '30th.— Royal Institution, 3. “Aerial Navigation— Scien- 
tific Principles,” by R, T. Glaaebrook, C.B., 
F.R.S., &G. 
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THE 

SANDY SOIL OF SYLVAN BEACH, NEW YORK. 

' By NICHOLAS KNIGHT, Cornell College. 

The locality is the Eastern shore of Oneida Lake in 
Central New York. The entire territory was formerly the 
lake bottom, at the time when the water was discharged 
into the Mohawk River. An elevation of the land seems 
slowly tq have taken place, the lake was projected farther 
north and the water now reaches Lake Ontario through 
the Oneida and the Oswego Rivers. The soil of the terri- 
tory for 25 or 30 square miles is almost a pure sand, and 
is unadapted to agricultural purposes. There are 
numerous forest trees, including pine, oak, hemlock, and 
maple upon the sand, that attain a slow growth, and there 
is dense shrubbery and undergrowth. It seems lacking in 
fertility, and it does not add materially to the wealth of 
its owners. 

Sylvan Beach has become a popular summer resort, and 
its population during the season reaches about 5000. 
There is no system of sewage disposal at the resort, but it 
WfiS long agq observed that all forms of organic matter in 
the sand very quickly decomposes. It is not necessary to 
remove the sewage from the cesspools, but in some way 
it is taken care of in the sand. -Refuse from the kitchen, 
including corn-husks and cobs, banana and orange peels, 
apple and potato parings, quickly disappear, and in the 
course of a few weeks a black substance is found in their 
place. The leaves of the trees when buried in the soil 
poem are transformed into a black vegetable mould. 

, , It occurred to us, as for a number of years we had 
observed these rapid changes in the organic refuse buried 
in the soil, that possibly there is a considerable quantity 
of iron in the sand which oxidises the refuse material and 
serves sb a carrier of oxygen. 

Accordingly we made an analysis of two different 
portions of the soil. 

Percent. 

; (i). SiOa .. .. .V .. . 91*88 

AI4O3 , . v' 6*28 

Fei0 3 .. *71 

CaO . . . . 0*65 

MgO .. 0*39 

K a 0 «. .. 0-04 

Na a O 0*03 

Nitrogen .* .. — 

Phosphate . . .. .. . . — 

CO* — 

Total .. .. 100*98 


(2). SiOa .. .. .. 

. . . . 94*48 

ai,o 3 

.. .. 2*17 

Fea0 3 *• •• .. 

.. .. 176 

CaO .. .. .. 

.. .. 1*17 

MgO 

. . . . 0 47 

K a 0 

. . . . 0*04 

Na^O 

. . . . 0*07 

Nitrogen .. .. 


Phosphate .. .. 

.. .. *— 

CO* 

. . . •> , 

Total .. 

100*16 


No. 1 waft taken from a depth of 18 inches, about 50 
rods from the lake, while No. 2 was close by the shore. 
No* x presumably arose from the lake centuries before 


| No. 2, and so the elements have had a longer time to work 
! it up into a soil. It is finer grained than No. 2, yet the 
analysis does not reveal the difference we expected. The 
elements of soil fertility, phosphorus, nitrogen, and potash 
are sadly lacking in both specimens. The analysis 
scarcely discloses why organic matter so quickly decays 
in the soil. We expected to find a much higher percentage 
of iron in both samples by which to explain the rapid dis- 
appearance. Doubtless the iron present is an importan 
factor in the changes, but it does not explain all. The 
bacteria content must also be small, because there is 
little, if any, nitrogen present. Possibly the greatest 
reason for the change iB the free access of air. The sand 
does not form a hard crust on top in any kind of weather, 
and the atmosphere is always accessible. Cameron says 
(“The Soil Solution,” p. 53):— “The atmosphere within 
the soil contains normally a smaller proportion of oxygen 
than does the air above the soil. Rain, in falling through 
the air, absorbs or dissolves relatively more ofcygen than 
nitrogen. Therefore when the rain-water has penetrated 
the soil to any considerable depth, there should he, and 
probably is, a liberation of dissolved oxygen into the 
atmosphere of the soil interstices. 

By the free use of leaves, barnyard manure, and various 
forms of organic refuse it seems to us that a fairly rich 
and productive soil might be formed in this territory. The 
experiment might prove interesting and profitable. As 
the population of the country increases and land values 
multiply, it will be necessary to use all available land and 
to bring it to the highest degree of cultivation. 

There are many agricultural problems in the Empire 
State awaiting solution. Farm land with good or fairly 
good buildings is selling for 9 or xo dols. an acre, and that 
too within easy distance of some of the largest cities and 
the best markets on the western hemisphere. The land 
will respond to proper treatment, and the onginalfertility 
will be restored. This is an important work which can be 
done only by those who make a special study of the sub- 
ject and acquire a suitable training in the agricultural 
schools. 

We desire to express our thanks to Mr. Euclid Marston 
for making the analyses described in this paper. 

CESIUM ALUM AND ITS PROPERTIES. 

By EDWARD HART tad HENRY B. HUSBLTON. 

L Since the discovery of caesium by Bunsen in xS6o, its com- 
pounds have been investigated at various times, but a 
broad field for research still exists. The alum is one of 
the many compounds of caesium that offer an opportunity 
for original work. 

Caesium alum wAs studied by Redtenbacher in 1865 (*?. 
Prakt. Chem ,, 1865, xciv., 442), by Carl Setterberg (Ann,, 
1882, ccxi., too) in iS8x, and by Locke (Am. Chem . 
yourn., 1901, xxxvi., 166) in X901. Setterberg compared 
the solubility of rubidium and caesium alums at eight dif- 
ferent temperatures. Locke, in his work * on an examina- 
tion of all possible alums, gives the solubility of caesium 
alum at four temperatures, and two of these differ from 
the results obtained by Setterberg. His other values were 
found at temperatures not given by Setterberg, and there- 
fore must be compared with interpolated figures. They 
are not thfe same. 

The alum used was prepared from pollucite by treat- 
ment with sulphuric and hydrofluoric acids, followed by „ 
solution in water and recrystallisation. The pollucite used 
appeared to contain zirconium. A considerable amount, 
of jelly-like, material separated, probably a zirconium com- 
ound, which was not further examined. This renders 
ltration difficult and tedious. The crude alum bad a 
slight yellow colour, due to ferric iron, which was removed 
by recrystallisation from water containing sulphur dioxide. 

. The crystals finally obtained were examined, spectro- 
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Atomic Weight of Lead of Radio-active Origin. 


scopically, and found to be free from rubidium and potas- 1 
smm. These crystals were used in the following 


Table I .—Solubility Determinations * 


No. 

Temp. 

Residue per 
xoog IIqO. 

No, 

Temp. 

Residue 
100 ff. H 

X. 

Grins. 

7° 

Gxmq. 

0-255 

10. 

47° 

Grms. 

***73 

2. 

19 

0*422 

XX. 

49'25 

1-387 

3- 

22 

0 426 

l2. 

50 

1M17 

4- 

22 5 

o*435 

*3- 

56 

1-86 

5- 

24 

o*474 

14. 

60 

2-06 

6. 

29*5 

0571 

*5- 

66 

2-798 

4- 

31-5 

0 607 

16. 

66 

2*85 

8. 

40 

0 865 

1 7- 

68 

3*M 

9* 

41 

0-879 

18. 

80 

5*78 


Table II,— 'Che Solubility of Anhydrous Ctesiutn AUm, 
AlCb(S0 4 ;a in water . 


Temp. 

Grms per 

100 g. HjO 

Temp 

Grms per 
xyoff 11 jO 

0° 

0*19 

5 *° 

* 39 

X 

0*20 

52 

**45 

2 

0*21 

53 


3 

0*22 

54 

158 

4 

0*2i 

55 

I 65 

5 

0*2* 

56 

7*71 

6 

0‘25 

57 

177 

7 

0*26 

58 

r-86 

8 

0-27 

59 

1 92 

9 

0*28 

60 

2 -06 

10 

0*29 (a) 

61 

2*14 

XX 

0*30 

tz 

2*25 

X2 

o-3t 

&3 

2*37 

*3 

0*32 

64 

2*50 

*4 

0*34 

65 

2-65 

*5 

o *35 

66 

a 7 « 

x6 

0-36 

67 

2*96 

*7 

0 38 (rt) 

68 

3 13 

18 

°' 3 <J 

69 

3 '34 

19 

0*40 

70 

3 ' 5 ° 

20 

0*41 

7 * 

3*7 

21 

0*4 1 

72 

V*5 

22 

o *13 

73 

ya 7 

23 

15 

74 

1 

24 

0 17 , v 

75 

I 50 

25 

o *19 («0 

76 

1 72 

26 

0*50 

77 

4 95 

2 Z 

051 

78 

5 *i 5 

28 

0-52 

79 

5 * 1 ° 

29 

0-55 

80 

5 78 

30 

0 57 

8r 

6-05 

3 * 

o *59 

82 

< 5*4 

32 

0 60 

83 

6-7 

33 

0*62 

84 

7*0 

34 

0-65 

85 

7*4 

35 

0-69 (a) 

86 

77 

36 

0-72 

87 

80 

37 

0 75 

88 

8*3 

38 

0*77 

89 

86 

39 

o*8o 

90 

8-8 

40 

0*85 

9 * 

9-0 

4 * 

0 87 

92 

9*2 

42 

0*91 

93 

9*5 

43 

0*96 

94 

99 

44 

X* 0 T 

95 

10*1 

45 

1*06 

96 

to*4 

46 

1*10 

97 

10 8 

47 

1*17 

98 

TI’X 

48 

1*21 

99 

ii*5 

49 

1*27 

TOO 

X 2‘0 

50 

1*30 




{a) Given by Setterberg. 

Note.— o° to 40°, accurate as given ; 40° to 8o°, first 
decimal correct ; 8o° to xoo°, extrapolated, approxi- 
mately correct. 


The first five values at Setter berg coincide almost 
exactly with ours. Above |o * his values aie less. In 
Table II., the values from 0—7' were obtained by interpo- 
lation, using Setterberg’s values for o°. From 80 ~ xoo° 
they were calculated by extrapolation, and are only 
approximately correct. 

Specific Gtavity .—The specific gravity of the hydrated 
alum was obtained by weighing in 95 per cent ethyl 
alcohol, in which it is insoluble. Two determinations 
were made, giving 1*96 and x 95 ; average 1*945. 

Alt l ting -point . — The hydrattd crystals in powder were 
enclosed m the usual capillaiy tube, which was heated in 
sulphuric acid. Alter the alum had melted, a fine capillary 
was inseited, and the solidifying point determined by 
drawing on the capillary until it bioke* The following 
determinations show that the alum melts at U7 0 


Average 



End, 

Solid 

llb J 

lib* 

n 5 " 

Ilf) 

118 

117 

ll? 

xi8 

nC 

. X17 

XtH 

Til 


1 if) 5 
>17" 
X17 

X17 


The melting-point of caesium alum has been determined 
as follows : — 


Tilden (Jour tt. Chm . Soc., 1884, xlv., 2G6 xoO* 
Erdman (Ank* Pham*, ccxxxii,, 3) . . 120*5 

Locke Chem. Jonrn., 1901, xxvi*, 185),. xaa° 

—Journal of the American Chemical Society, xxxvi,, 
No. 10. 
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THE ATOMIC WEIGHT OK LEAD OF 
RADIO-ACTIVE ORIGIN.* 

By THEODORE W. RICHARDS and MAX K. LHMBHRT, 
(Ctmludul fiom p. 47 ). 


Thai lead should be composed of a mixture of «ub 
stances of diflerent ongin but similar properties is, after 
all, possibly not so revolutionary a proposition as might 
appear at first sight. Rare earths ate often very similar 
in properties, and large amounts of material and very 
patient fractionation a us necessary to separate them. Why 
should not the same thing be true of several of the com- 
moner elements? The only practical difference besides 
the presence of radio activity seems to lie in the fact that 
in the present case the intruders produce no obvious 
change in the ultra-violet spectrum. Hut if all lead is a 
mixture, this might be expected. 

At first sight one might be inclined to feel that the 
irregularity in the quantitative results above described 
should diminish one’s respect for the significance of atomic 
weights in general, but futther thought shows that this to 
a superficial view. If the results which we have obtained 
really indicate that several kinds of lead, having the same 
properties and spectrum, may be mixed together and not 
separated chemically, it is evident that the atomic weight 
becomes almost the only criterion, except radio activity, 
capable of detecting the admixture and tracing the factors 
to their source. Thus the study of atomic weights is shown 
to be not less but more significant than it had been before. 
To emphasise this point we may, perhaps, quote two para- 
graphs, written seven years ago, long before the theory 
under discussion had been proposed, and when such ideas 
were of a rather heretical character 

“ Are the supposed constant magnitudes to be measured 
in chemistry really variable . . , ? If they are thus 
variable, is it worth while to expend much labour in deter- 
mining the values which they happen to possess at any 
one time under any one set of conditions ? 

No ^ r ° ra the 3° utn *1 of the Amrncan Chemical Society, xxxvi., 


° H i™^ Frying-point oj sotm Abnormal Milks . 5 

"p» q«j«llo n o to father or not the supposed con- We are greatly indebted to the Carnegie Institute of 
scants of physical. chemistry are really not constants, but Washington for much of the apparatus and material used 
are variable within small limits, is of profound interest, in this research, 
and of vital importance to the science of chemistry and c 

to natural philosophy in general. If this latter alternative , summary, 

is true, the circumstances accompanying each possible 40 this paper a description is given of parallel expert- 
variation must be determined with the utmost precision, ments determining the equivalent weights of various 
s_ — s— *•- *-*--*■ .... ' samples of lead chloride obtained from different sources. 

It was found that all of the radio active specimens possess 


in order to detect the ultimate reason for its existence. 
As Democritus said long ago, * the word ehance is only 


an expression of human ignorance.’ No student of a lowe f atomic weight than ordinary lead, as determined 
natural science who perceives the dominance of law in nn der identical conditions, the deficiency in one case 
the physical universe would be willing to believe that such amounting to as much as 075 of a unit, 
variations in a fundamental number could be purely acci- No simple linear quantitative relationship between the 
dental. Every variation must have a cause, and that exact amount of radio-activity and the atomic weight was 
cause must be one of profound effect throughout the *°und. The radio-activity of the various samples was 
physical universe. Thus the idea that the supposed con- compared by means of the quantitative electroscope, 
stants may possibly be variable adds to the interest which The ultra-violet spectrum of a typical radio-active sample 
one may reasonably take in their accurate determination, wa8 compared with that of ordinary lead, with the help of 
and enlarges the possible field of investigation instead of Baxter, in a quartz spectrograph. No difference 

contracting it” (Richards, Berlin Inaugural, Science, was found between the spectra of these specimens, except 
N.S., 1907, xxvi., 562; also Die Umschau , 1909, xiii., for a trace of copper too small to affect the result and a 
542, translated by P. Haber). negligible trace of silver known to have been present. The 


542, translated by F. Haber). 

This matter has received not only speculative but also 
experimental treatment at Harvard. For many years the 
possibility that samples of a given element from different 


negligible trace of silver known to have been present. The 
inference seems to be that radio-active lead contains an 
admixture of some substance different from ordinary lead, 
and very difficult to separate from it by chemical means. 


sources might have different atomic weights had been This substance cannot be identified in the ultra-violet 
considered and investigated, but never before with a posi- spectrum of the material, either because it has the same 
tive outcome. In the first investigation of the atomic spectrum as lead, or because it has no spectrum in that 
weight of copper undertaken by one of us as long ago as P art of the field, or because its spectrum is masked or 
1887 (Richards, Proc, Am, Acad,, 1887, xxiii., 179), aborted by that of lead. 

samples of copper obtained from Germany and from Lake This amazing outcome is contrary to Harvard experience 
Superior were found to give precisely the same atomic with several other elements, notably copper, silver, iron, 
weight for this element. More recently the question was sodium, and chlorine, each of which seems to give a con- 
revived, and in 1897 specimens of calcium carbonate were stant atomic weight, no matter what the geographical 
obtained from Vermont, U.S.A., and from Italy, in order source may have been. No attempt is made here to dis- 
to discover whether or not the calcium in these two widely cuss 1116 theoretical aspects of the facts presented, but 

separated localities had the same atomic weight. Not attention is called to their qualitative agreement with the 

the slightest difference was found between them (Richards, hypothesis of Fajans and of Soddy. 

Jour, Am, Ohm, Soc 1902, xxiv., 374). Again, in a 

very elaborate investigation on the atomic weight of 7 1 ' " - 

sodium (RichardB and Wells, Carnegie Institute Wash, rnTT „ _ ATVt _ __ 

Pub, 28, igos), silver was obtained from several dis- THE FREEZING - POINT OF SOME ABNORMAL 

tinct sources and sodium chloride was obtained partly MILKS.* 

from several different samples of German rock salt, and p v t » HPNnpptinM n t r 9T ,j r a urctom 

partly from the salt pumped from the Solvay Process Com- By 1 B ' HENDERSON, P I.C , end L. A. MESTON. 

pany's mines at Syracuse, N.Y. These preparations, 

differing widely in the steps of manufacture and in geo- On May 15, 1914, among several samples of milk sub- 

....... .tf .l f«r -no),.*,,. t .k... 


graphical source, all yielded essentially the same atomic mitted for analysis in the Government Chemical Labora- 
weights within the limit of error of the process. (Even if tory, Brisbane, by a food inspector, were two, from dif- 
both specimens of salt came originally from a Silurian ferent sources, which gave on analysis the results shown 
ocean, the time and condition of deposition were probably in Table I. 

..V * j mi m.., . T 


widely different). Vet more recently Baxter and Thor- Table I. 

valdson (your. Am, Chem, Soc,, 19 11, xxxiii., 337), with £0.4349. Jfe-* 33 S* 

the same possibility in mind, determined the atomic (Six cows). (Two cows), 

weight of extra- terrestrial iron from the Cumpas meteorite, Total so1k3s (P er cenl ) 11 Ir ®9 

which gave a result identical with ordinary iron withtn the £ at jP er CC P v • • • • 3 '®^ 3 9 ° 

limit of error of experimentation. From these researches fi. / not fat (P er cent ) 774 7 79 

it would seem probable that even if an unusual eccen- (P er ® ent ) • • 0 80 °* 7 8 

tricity may be exhibited by lead, most elements do not as JJ*«ogen (per cent). . .. ,, 0*49 0*47 

a rule differ from a*w such cause of uncertainty. Baxter Chlorine ! n as ° 'P e E, c * * • t 22 6 22 * 6 

and Grover are now engaged in the examination of ordi- t-hlorme *n a ®b as NaCl (per cent) 37'2 37 ’* 

nary lead from different geographical sources. Perhaps Ratio— Ash : NaCl . .. .. .. 2*68 2 08 

this also contains more than one component, as suggested Ratio-Ash : Solids not fat. . , . 10-3 io-o 

above. Freezing-point (°C.) 0-55 0-54 

It would perhaps be premature to indulge in further Composition of solids not fat — 

hypothetical reasoning concerning the nature of this extra- Milk sugar (per cent) 49*2 51*4 

ordinary phenomenon, but the nature of the variation un- Proteids (per cent) . . . . . • 40*3 38*4 

questionably points in the direction of the hypothesis of Ash (per cent) . . 10*3 io*o 

Fajans and ox Soddy. 

This paper must be looked upon only as a preliminary The fat, solids not fat, and nitrogen are all low, while 
one. ' More time, larger amounts of material, and more the ash is just a shade above normal and the pro- 
chemical experimentation are needed in order to be sure portion of chlorine in the ash much above the normal, 
that the reactions of the unknown contaminating element The freezing-point is, however, in each case practically 
and lead are wholly identical. We hope and intend to normal. 

continue the study and solve the highly interesting queg- 

tions which it presents. * Read before the Royal Society of Queensland, November g, 2914. 


Total solids (per cent) 

No. 4349. 
(Six cows). 

1 1 ’60 

No. 4353. 
(Two cows), 
1 1 ’69 

Fat (per cent) 

3*86 

3 90 

Solids not fat (per cent) 

774 

7 79 

Ash (per cent) 

0 80 

078 

Nitrogen (per cent) . , 

o *49 

0’47 

Chlorine in ash (per cent) . . .. 

226 

22*6 

Chlorine in ash as NaCl (per cent) 

37' a 

37-2 

Ratio — Ash :NaCl 

2-68 

2*68 

Ratio— Ash : Solids not fat.. .. 

xo‘3 

xo-o 

Freezing-point (°C.) 

o-55 

°’54 

Composition of solids not fat— 
Milk sugar (per cent) 

49*2 

5i*4 

Proteids (per cent) . . . . . • 

40*3 

3 8 -4 

Ash (per cent) 

10*3 

10*0 


52 Freezing-point of some Abnormal Miiks , { Ch jm ic %, 

Table II, — Herd A ($## Cows)* 

Cowa, r. 2. 4. 5. 6 . Mixed milk, Normal milk 

Yield (quarts) 2 2143 3 *5 

Total solids (per cent) .. .. 12*9 12*8 9*2 n-g 13*8 i2*r 12*4 *2*g 

Fat (per cent) 5 *o 4 *o 2-8 37 4*6 37 4*o 4*0 

Solids not fat (per cent) . . .. 77 8*8 6*4 8*2 9*2 8*4 8*4 

Ash (per cent) 0*88 070 0 89 0 69 077 074 076 075 

Nitrogen (per cent) 0-62 070 0*48 0*47 0*58 0*50 0-52 0*52 

Chlorine in ash (per cent) .. 22*2 14*4 287 19*0 17*2 197 19*2 * 4 *o 

Chlorine calc, as NaCl (per cent) 36-5 237 47’3 3**3 28*3 32*4 31*6 23*0 

Ratio— Ash : NaCl 27 4*2 2*r 3 ’ 1 3*2 3*0 3 ** 4 ' 6 

Ratio— Ash x 100: Solids not fat xrt 7*9 X 3'9 8*4 8-3 8 8 9*0 8*3 

Freezing-point (°C.) -0*545 -0*545 -0*560 -0*552 -0*550 -0*550 -0*550 -0*555 


Composition of solids not fat— 

Milk sugar (per cent) .. .. 38*8 55*8 35 

» Proteids (per cent) .. . . 50*0 36*2 47 

Ash (pet cent) tvt 7*9 *3 


At first glance the analytical results seem to indicate 
that each milk is a milk which has been watered , and a 
little common salt added to lower the freezing-point again 
to normal. Added water, if calculated on the basis of a 
normal solids not fat of 8*9 per cent in sample “ A ” 
would reach 13 per cent. The excess of salt present in 
the sample would lower the freezing-point to cover an 
addition of 12*5 per cent of added water. Similarly, 
added water in sample “B ” if calculated on the 8*9 solids 
not fat standard would reach 12*5 per cent, while the 
excess of salt present would lower the freezing-point to 
cover 12 per cent of added water. In each case there is a 
remarkable agreement between the deduction made from 
the solids not fat standard and that from the excess 
of salt. 

As against the weight of analytical evidence for adultera- 
tion there stands the fact that the freezing-point was in 
each case normal, and that it would probably be beyond 
the skill of any dairyman to exactly adjust the freezing- 
point of the mixture of water and milk. 

The attention of the Commissioner of Public Health was 
called to the peculiar facts of these two cases, and it was 
decided to investigate each case further. 

It was found that the samples were from the same 
district, sample “ A ” being the mixed milk from six eows 
(Table 11.), and “ B u the mixed milk from two cows 
(Table III.). 

Ten days after the legal samples were taken a food 
inspector familiar with the milking of cows attended in 
the afternoon at each dairy, saw each cow milked and 
u stripped , 1 " and measured and sampled the milk from 
each cow. The mixed milk in each herd was unfortunately 
not sampled, the results given for the mixed milk in 
Table II. being calculated from the individual yield. 


Table III .— Herd B (Two Cows), 

Mixed Normal 


Cows. 

Yield 

x. 

2 quarts 

3. 

1*5 pint 

milk. 

milk. 

Total solids (per cent) 

12*4 

to*9 

12*2 

X2*g 

Fat (per cent) . . . . 

4*o 

3-8 

4*0 

4*o 

Solids not fat (per cent) 

8-4 

7*1 

8*2 

8*9 

Ash (per cent) . . . . 

0*73 

0*75 

073 

0*75 

Nitrogen (per cent) , . 

0*48 

o*55 

0*49 

0*52 

Chlorine in ash (per 

cent) 

T9*0 

3* f o 

21*0 

14*0 

Chlorine calc, as NaCl 

(per cent) 

31-3 

51*1 

34'® 

23*0 

Ratio — Asli : NaCl . , 

3*1 

1*9 

2*8 

4*6 

Ratio— 

Ash x 100 ; S.N.F. . 

8*7 

10*5 

8-9 

8-3 

Freezing-point (°C.) . . -0*54 

Composition of solids not fat — 

-0*54 

-o*54 

-o-555 

Milk sugar (percent) 

54-8 

40*0 

52*9 

52*8 

Proteids (per cent) . . 

36-4 

49*1 

3 8-i 

37'8 

Ash (per cent) . . . . 

8-3 

to*5 

8-9 

8'3 


2 

5S-o 

5**4 

53*2 

51*4 

sa’8 

8 

36*5 

40*2 

37*9 

39*5 

37-8 

9 

8’4 

8*3 

8*8 

0*o 

«'3 


These results clearly show that the samples originally 
received, while below the legal minimum standard at which 
milk may be sold, had not been adulterated by the addition 
of added water* 

The causes of the abnormality seem to have been 
similar in each case. In each, the cows got most of their 
food by grazing on the roads and vacant lands in their 
vicinity, and although the dairies were nearly two miles 
apart, the soil in the district is very poor, and the grass 
therefore probably poor in both quantity and quality. The 
food supply of the cows may therefore be safely taken as 
having been below normal. 

Most of the cowb were nearing the end of their period 
of lactation which is recorded as the period when “salty 1 * 
milk is generally noted. 

The inspector reported that cow No. 3 in Herd “ A ” 
was obviously sick* 

The only cow giving milk which could be classed as 
normal was No. a of Herd “ A. M 

The striking feature of these results is that from eight 
cows, seven ot them being apparently in good health, only 
one cow gives milk which is normal. All the others are 
abnormal, particularly in the high proportion of chioritfa 
present* But by far the most striking feature of th«|4$j, 
results is that although the milks vary so far from the 
normal in chemical composition, the freezing-point is 
practically normal throughout. The mammary glands of 
the cow, when unable to obtain the correct proportion of 
milk sugar, and other foodstufls, adjust the osmotic pres- 
sure by adding an extra proportion of common salt from 
the blood. 

It is evident from the amount of work which has been 
done by many workers in this direction, and the cases 
quoted give further proof, that certain organs of secretion 
work at definite osmotic pressures. This pressure is 
practically a constant, the variation being within extremely 
narrow limits* In the case of milk from the cow, the 
variation measured bv the well-known freezing-point method 
lies between 0*54® C* and - 0*56° C. This is the first 
case in many tests where we have found the freezing-point 
of an undoubtedly genuine milk to be higher than - 0*55° C. 
Still an extremely rare variation of o*ot° C. from the 
normal is not serious in the use of the freezing-point as a 
factor in milk analysis. 

It cannot be too strongly impressed on milk analysts 
that the mammary glands of the cow work almost entirely 
to a constant osmotic pressure, the constituents which 
produce the pressure varying according to the nature and 
amount of the food supply, and also according to the 
period of lactation. So far as it is at present known there 
is no other constant controlling factor* We found exactly 
the same osmotic pressure (measured by the freezing- 
point) in genuine milks which varied between 6*4 per cent 
solids not fat with 2*3 per cent fat and 9*7 per cent solids 
not fat with 5*6 per cent fat. The fact of the osmotic 
pressure being the one steady controlling factor in milk 
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production havingbeen definitely established it is obviously 
absurd to continue judging the purity of a milk from the 
determination of factors which are variant and not con- 
stants. As the determination of the freezing-point gives 
an easy and accurate method of measuring the osmotic 
pressure» the freezing-point is obviously the constant 
factor which should be used in judging the purity of milk. 

Fortunately in Australia we not only insist on purity of 
milk but on quality, and milk is not allowed to be sold 
from a cow which has to adjust the osmotic pressure with 
an extra proportion of common salt, or to keep itself warm 
in the absence of sufficient food or shelter by consuming 
fat which should have gone into the milk. It is therefore 
necessary to determine the ordinary factors, fat, solids not 
fat, &c,, but these are not used and should not be used 
in determining the purity of the milk. 

We put these analyses on record to once more emphasise 
the fact which we have previously noted (Proceedings of 
the Australasian Association for the Advancement of Science , 
xii., 160, and xiii., 88, and the Proceedings of the Royal 
Society of Queensland , xxiv., 165 ; see also Chemical 
News, 19x4, vol. cx., pp. 275, 283), that the determination 
of the freezing-point of a milk is not only the most 
important factor to determine in milk analysis, but is the 
only factor which definitely settles whether or not water 
has been added to the milk, and is the only one which 
gives a close approximation to the proportion of water 
which hss been added. 

In the case of the two samples recorded the sellers, if 
judged by the old solids not fat standard, would certainly 
have been convicted for selling milk adulterated with water. 
As it was they were not prosecuted, but action was taken 
by the Health Department to prevent the further sale of 
these abnormal milks to the general public. 


THE SEPARATION OF TUNGSTEN FROM 
MOLYBDENUM.* 

By EDWARD ELLSWORTH MARBAKER. 

With the extensive introduction of tungsten and 
molybdenum into industrial chemistry in the form of the 
special steels and the filament of the incandescent electric 
lamp, the importance of these metals has been greatly 
increased from the standpoint of the analytical chemist. 

It is a well-known fact that molybdenum always accom- 
panies tungsten in its ores, and it shows a marked ten 
dency to remain with the tungsten throughout the process 
of manufacture. This amount of molybdenum, although 
small, interferes to a great extent with the determination 
of the tungsten, and hence one of the important problems 
in modern analysis is to devise a separation of the two 
metals which will be easy to carry out and also be of the 
highest accuracy. Up to the present time there have been 
suggested methods for the attainment of this end : Rose 
(Treadwell-Hall, Analytical Chemistry , II., 3rd ed,, igxx, 
p. 296), Pechard (Ibid., 295; Compt . Rend., 1892, cxiv., 
173), Smith and Reugenberg (Joum. Am. Chem * Sue., 
1900, xxii., 772; Treadwell Hall, 293), Ibbotson and 
Brearley (Chem. News, igoo, Ixxxi,, 13). In 1911, 
Mdivani (Bull. Soc . Chem., [4] xgxx, ix., 122) announced 
a new method for the determination of tungsten which was 
based on the observation of Anthon (Dammer, Handbuch , 
1893, *“•» 659; yourn . Prakt. Chem., 1893, ix., 341) that 
when a tungstate solution is treated with a solution of 
stannous ehloride, a yellow precipitate of normal tin 
tungscate, SnW 0 4 , is formed, which is changed to the blue 
oxide of tungsten, W2O5, on the addition of concentrated 
hydrochloric acid. Mdivani added to the tungstate solu- 

* From the Author’s Ph D. TheBis, 1914, University of Philadelphia. 
Reprinted from the journal of the American Chemical &oate ty, 

xxxvii., No. x. 


| tion a solution of stannous chloride in concentrated hydro- 
chloric acid and then boiled for a few minutes. The blue 
oxide was precipitated and, after settling, was filtered off, 
washed with hot water, dried, ignited to tungsten trioxide 
and weighed as such. 

1. An Effort to Reproduce the Results of Mdivani. 

Mdivani made up a solution for analysis by dissolving 
2 grms. of pure tungsten trioxide in strong ammonia and 
diluting to one litre. He treated 50 cc. of this solution, 
which contained o*i grm* of WO3, with 20 cc. of a solu- 
tion containing 50 grms. of crystallised stannous chloride 
in 200 cc. concentrated hydrochloric acid. The blue pre- 
cipitate which was thrown down was boiled up for a few 
minutes and then allowed to settle, after which it was 
washed by decantation with hot distilled water and finally 
ignited and weighed as tungsten trioxide. 

A weighed sample of pure tungstic acid, which had been 
prepared for the purpose of making ductile tungsten lamp 
filament, was treated with strong ammonia. The attack 
was not complete, showing that the purity of the substance 
was doubtful ; but the solution was filtered and made up 
to one litre. Samples of this solution were analysed by 
evaporating to dryness three times with hydrochloric acid 
and nitric acid, baking at about 120° for fifteen minutes 
after each evaporation, then washing on to a filter with a 
hot ammonium nitrate solution, finally igniting and 
weighing. Fifty cc. of the solution were thus found to 
contain 0*1422 grm. WO3. This value was obtained as 
the average of ten closely agreeing determinations. 

A solution of stannous chloride was made according to 
the directions of Mdivani. Twenty cc. of the tin solution 
were added to 50 cc. of the ammonium tungstate solution, 
and the resulting blue precipitate was boiled for a few 
minutes and washed according to the directions of 
Mdivani. The pure water recommended for washing was 
found to be inadequate because it caused the formation of 
basic tin salts which could not be washed out, and hence 
gave rise to high results. This was easily remedied by 
washing the precipitates with a solution of hydrochloric 
acid made by adding 50 cc. of strong acid to a litre of 
boiling distilled water. The washed precipitates were thus 
entirely free from tin. 

Four determinations resulted as follows— 

WO3 present • . . . . . 0*1422 grm. 

WO3 found 0*1392 „ 

0*1386 „ 

0*1390 „ 

0**387 »» 

To determine the cause of these low results, the filtrate 
from one of the determinations, which was perfectly clear 
and colourless, was evaporated to dryness. Blue oxide of 
tungsten separated. This showed that either the precipi- 
tation had not been complete or that the acid of the wash 
water had caused some of the oxide to pass into solution. 
Subsequent results indicated that the latter was not the 
case. The small amount of blue oxide was transferred to 
a filter and washed with the dilute acid until the filtrate 
gave no test for tin on the addition of ammonia. The 
filter and its contents were then ignited, hut instead of 
obtaining a small amount of yellow tungsten trioxide, there 
was present a mixture of the yellow oxide and a white 
substance which proved to be tin oxide. This would in- 
dicate that a combination had taken place between the tin 
and the tungsten, because all of the tin had been washed 
out of the precipitate so far as the tests on the filtrate 
Bhowed. In order to eliminate the small amount of tin, 
the residue was carefully treated with ammonium chloride, 
as recommended by Rammelsberg (Chem. News, 1864, 
ix., 25), which causes the tin to volatilise as stannic 
chloride,! eaving the tungstlo acid behind. The weight of 
this residue added to that of the main portion of the oxide 
brought the result into agreement with the theoretical. 
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a. The Action of Mdivani's Keagtnt on a Mixture oj 
Ammonium Tungstate a nd Ammonium Molybdate, 

When stannous chloride was added to a solution of am- 
monium molybdate a brown precipitate appeared. This 
rapidly dissolved in the excess of the reagent, the solution 
assuming a characteristic orange colour, due to the reduc- 
tion of the M0O3 to Mo*0 3 . This is very different from 
the reaction which takes place in the tungstate solution, 
hence it seemed possible to effect a separation. 

A solution of molybdenum trioxide in ammonia was 
made up and analysed by the method of Chatard (Chdm. 
News, 1871, xxiv., 175). Ten cc. of the solution were 
found to contain 0*1164 grm. M0O3. 

A solution containing 0*1164 grm. M0O3 and 
0*1422 grm. WO3 was treated with 20 cc. of the tin solu- 
tion and the resulting precipitate of \VaO5 handled as out- 
lined before. It was washed with the acid wash water 
until the washings gave no test for tin. The filter and its 
contents were ignited and weighed. A fairly close value 
for the tungsten was obtained.^ t # 

It was assumed at this point that the precipitate of 
tungstic acid contained no molybdenum, but a careful test 
was made to determine whether the filtrate containing the 
molybdenum contained any tungsten. This test was 
carried out as follows An excess of metallic zinc was 
added to the solution and the tin was precipitated as 
metal. The solution changed colour from orange to 
green. It was decanted from the tin, which was present 
in the form of a porous cake, and the tin washed several 
times with hot water. The clear freen liquid was then 
evaporated on the hot plate, during which process the 
colour changed to brown again. When the bulk of the 
solution had been decreased to about 150 cc. a few drops 
of nitric acid were added. It rapidly became colourless, 
showing that the molybdenum had been oxidised to the 
form of molybdate. Ammonia was then added in great 
excess. The precipitate of zinc hydroxide which first ap- 
peared dissolved in excess, leaving a small precipitate of 
iron and tin hydroxides. This was filtered out and re- 
precipitated. The filtrate was added to the main solution 
and the whole treated with acid to the point of neutrality. 
A small amount (3—5 cc.) of acetic acid was then added, 
followed by an excess of lead acetate. A precipitate of 
lead molybdate was formed which, after settling, was 
filtered, washed with dilute acetic acid, ignited and 
weighed. This weight proved to be lower than the theo- 
retical, but the loss could not be accounted for, although 
the preclnitate of tin metal, the iron and tin precipitate, 
and the filtrate from the lead molybdate were all tested 
with zinc and sulphocyanide, but no evidence of 
molybdenum was observed. 

The ignited residue of lead molybdate was then tested 
with hydrochloric acid, according to the method of separa- 
tion suggested by Ibbotson and Breavley (Chem. News, 
1900, Ixxxi., 13). The solution of the residue was com- 
plete, but on dilution no tungstic acid separated out, thus 
showing that the molybdenum was not contaminated with 
any tungsten, and that, so far as the tungsten was con- 
cerned, the separation was complete. 

It was found in other determinations, carried out in the 
same way, that the weight of the tungstic oxide was high, 
although all the tin had been removed by careful washing. 
The high results must then have been due to a small 
amount of molybdenum left in the tungsten. The pre- 
cipitate of W 2 0j was dissolved in ammonia containing a 
little hydrogen peroxide and re-precipitated with a second 
portion of the tin solution. The precipitation at this point 
was never complete, because the filtrate had a blue 
colour. This was evaporated to dryness, the 
washed out and ignited with ammonium chloride and 
finally weighed. This weight was added to that of the 
main precipitate and the sum of the two gave a somewhat 
low result, due probably to unavoidable losses in the 
process of analysis. 

A series of results follows— 


Grm. WO# 

Grm. WO* 

Aim W 0 H 

Grm WO* 

present. 

found. 

preaent. 

found. 

0*1422 

0*1426 

0*1422 

0*1412 (<r) 

0*1422 

o*t 4 M 

0 14 >2 

0*1405 ( a ) 

0*1422 

0*14 29 

0*X422 

“'MM (a) 

0*1422 

0-1434 

0*X422 

*434 

0*1422 

0*1432 

CX422 

0*1428 

0*1422 

( a ) 0-1401 

O X422 

o' 1 1*5 


Average 0*1422 
(a) Re-precipitated. 

These results indicate a possible separation of tungsten 
from molybdenum, although they ate not particularly con- 
cordant. The molybdenum was not determined, because 
at the moment there was no method available for the 
sepaxation of the molybdenum from extremely large 
amounts of tin. 

3. The Action of Mdivani's Reagent on a Mixture of 
Sodium Tungstate and Sodium Molybdate . 

Mdivani states in his paper that the quantitative pre- 
cipitation of tungsten may be carried out as well in 
solutions of sodium and potassium tungstate and molybdate 
as in solutions of the ammonium salts. 

The solution of sodium tungstate used was made from 
a portion of the salt which had been prepared by fusing 
together the theoretical amounts of pure WO3 ana 
Na a C 0 3 and crystallising the product. The solution con 
tained 0*1489 grm, WO3 in each xo cc. The solution 
of sodium molybdate was made by dissolving a sample of 
a salt, which had been made by Schucbardt, and after 
wards re-crystallised several times. This solution con- 
tained o'X2oo grm. M0O3 in each xo cc. 

A sample of the tungstate solution was measured out 
hnd treated with the usual amount of Mdivani's reagent. 
The blue precipitate appeared and was filtered oil. The 
filtrate was coloured blue, showing that the precipitation 
had not been complete. Heveral attempts were made to 
improve this precipitation by adding more reagent than 
usual and also by the addition of ammonium chloride, but 
without any favourable results. 

A solution containing both tungstate and molybdate was 
then treated in the usual manner with the tin solution in 
order to determine the effect of the presence of sodium 
molybdate. The blue precipitate of W/)* came down 
well and was weighed after filtering and washing. The 
filtrate in this case was orange coloured, on account of the 
molybdenum present, A series of ten determinations was 
made and the results were so concordant and near the 
theoretical that it shows conclusively that for the amounts 
of tungstate and molybdate present a separation of 
tungsten and molybdenum can be effected by means of an 
acid stannous chloride solution. The results follow— 

Grm, MoOs present, Grm. WO* present, Grm WO* found. 


0*1200 

0*1489 

0*1492 

0*X200 

0*1489 

0*1489 

0 *X 200 

0*1489 

0*1490 

0*1200 

0*1489 

0*1486 

0*1200 

0*1489 

0*1486 

0*1200 

0*1489 

0*1489 

0*1200 

0*1489 

0*1492 

0*1200 

0*1489 

O i486 

0*1200 

0*1489 

0*1489 

0*1200 

0*1489 

0*1489 


As in the case ox the separation of tungsten and 
molybdenum using the ammonium salts, the molybdenum 
was not determined, 

The tungsten trioxide obtained in the foregoing analyses 
was tested for molybdenum by the method of Debray 
{CampUs Rendus , 1858, xlvi., xxoi) by passing over it dry 
hydrogen chloride at a temperature of 200°. A slight 
sublimate of the compound Mo0 3 *2HCl was formed, 
proving that a little molybdenum was present. On sub- 
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Sequent analysis by the method of Cbatard it was found 
that the molybdenum contained in the tungsten trioxide 
*rom six deteiminations amounted to less than z mgrm* 
of M0O3. 

The fact that the separation takes place so easily is so 
at variance with the usual experience of analysts of tung- 
sten compounds that it seemed very remarkable that the 
molybdate actually aids the precipitation of the tungsten, 
as it will be remembered that the precipitation of W2O5 
from the tungstate alone is never complete. This was so 
peculiar that the effect of other salts on the precipitation 
was tried. The results of these tests were as follows — 

Salt present. Grm. WOs present. Grm. WOg found. 


0*1 grm. K3SO4 .. . . 0*1489 0*1481 

o*i grm. K2SO4 0*1489 0*1488 

KaCrO* . . .. 0*1415 0*1414 

o-a grm. NaCl .. 0*1489 01487 

0*2 grm* NaCl .. .. 0*1489 0*1494 


The filtrate from the tungsten in all of the foregoing 
determinations, except that containing chromium, was 
perfectly colourless. These results show that an accurate 
estimation of the tungsten in sodium tungstate can be 
made by the addition of any of the salts mentioned in the 
table. 

In order to determine the availability of the method 
various amounts of sodium tungstate and sodium molybdate 
were taken. The results appear in the following table— 

Grm MoOa present Grm, WOg present. Grm. WOs found, 


0*1200 

0*0089 

0*0089 

0*1200 

0*0149 

O*015I 

0*1200 

0*0596 

0*0592 

0*1300 

0*0900 

O’OgOO 

0*1200 

0*1200 

0*1200 

0*1200 

0*1788 

0*1786 

0*1200 

0*2100 

0 *2X01 

0*1200 

0*2400 

0*2397 

0*1200 

* " 0*2700 

0*3700 

0*1200 

0*3000 

0*2998 

0*0121 

0*1500 

0*1496 

0*0241 

0 *X 500 

0*1497 

0*0482 

0*I500 

0*1500 

0*0724 

0*1500 

0*1504 

0*0964 

0*1500 

0*1499 


4. The Determination of the Molybdenum in the 
Filtrate from the Blue Oxide . 

, The filtrate from the tungsten contains all the 
molybdenum and a large amount of tin in the form o t 
stannous and stannic chlorides. The tin was removed from 
the solution by means of metallic zinc, the filtrate was 
evaporated down to a small bulk, oxidised with nitric 
acid, and treated with an excess of ammonia. The zinc 
hydroxide which was thrown down dissolved in excess. 
The molybdenum was then precipitated by lead acetate 
after the solution had been almost neutralised with HCl 
and finally treated with a small excess of acetic acid* 
The precipitate of lead molybdate was allowed to settle, 
filtered, washed with hot dilute acetic acid, and finally 
weighed. In every case the result was low. 

Since the foregoing procedure failed to solve the pro- 
blem of determining the molybdenum, a careful review of 
literature was taken up<in the hope that a method for deter 
mining molybdenum in a hydrochloric acid solution bad 
been devised. Nothing of this nature was found in con- 
nection with any gravimetric method, but the discussion 
of the volumetric methods seemed to offer a means of 
solving the problem. 

Randall ( Am . youm. 0; Science , [4], 1907, xxiv., 313) 
has shown that when a molybdate solution is passed 
through a Jones reductor and the reduced solution is 
caught in a ferric ammonium sulphate solution, de- 
colorised by phosphoric acid, that the ferric iron oxidises 
the molybdenum, and the ferrous iron thus formed may be 


titrated with standard potassium permanganate. This in- 
vestigator proved that the molybdenum is completely 
reduced to the form of Mo 2 0 3 . Accordingly, a deter- 
mination was carried out as follows; A portion of the 
sodium molybdate solution was measured out and treated 
with about 20 cc. of Mdivani’s reagent. This gave rise 
to an orange coloured solution, to which were added 
about 5 grins, of pure 20-mesh zinc. The tin was de- 
posited on the zinc as metal, and the green supernatant 
liquid was poured off, the tin washed with hot water, and 
then the solution and washings were heated to about 6o°. 

The redactor flask was charged with 20 cc. of the ferric 
alum solution and 20 cc. of the “titrating solution.” 
(This consisted of 90 grms. manganous sulphate, 650 cc. 
distilled water, 175 cc. syrupy phosphoric acid, and 175 cc. 
concentrated sulphuric acid). Fifty cc. of dilute hydro- 
chloric acid (2*5 per cent by vol. of the concentrated acid 
heated to 600) were passed through the reductor, followed 
by the solution containing the molybdenum, and then 
150 cc. of the warm acid and finally 150 cc. of hot dis- 
tilled water. 

The flask was removed from the reductor and the titri- 
tion wa 9 carried out in the usual way with the perman- 
ganate (standardised against ferrous ammonium sulphate 
and also oxalic acid) solution. The molybdenum solution 
before entering the reductor is green, while in the reductor 
the reduction 13 completed, although there is no noticeable 
change in colour. When the green solution enters the 
ferric solution the colour changes to red. This red solution 
is titrated with permanganate, but the red colour offers no 
obstacle, because, as the permanganate is added, this 
colour disappears, and toward the end of the titration the 
colour of the solution is a faint bluish green in which the 
end-point is very easily seen. The end-point has to be 
taken very quickly, as it is not at all permanent. How- 
ever, the titration is one which is very easily carried out. 

A number of such determinations were made with the 
following results— 


Grm. MoOh 

Grm MoOs 

Grin. MoO,t 

Grm MoOy 

present. 

found. 

present. 

found. 

0*1500 

0*1505 

0*1350 

<>'1354 

0*1500 

0*1505 

0-1635 

0*1632 

0*1470 

0*1476 

0*1200 

0*1198 

0*1500 

0*1498 

0*1050 

0*1051 

0*1500 

o*X 498 

0*1800 

0*1801 


They show that the separation of tin from molybdenum 
by means of metallic zinc is quantitative and that the 
method may be used to determine the molybdenum in the 
filtrate from the tungsten in the method of separation 
under consideration. 

5. The Separation of Tungsten from Molybdenum . 

The two processes outlined in the third and fourth 
sections of this paper were combined, and both consti- 
tuents of the mixture of sodium tungstate and molybdate 
were determined. 

The separation worked very well with quantities up to 
and including 0*3000 grm, of each constituent. More 
than this amount gave rise to high results unless an 
inordinate amount of time was consumed in washing out 
the molybdenum from the tungsten. The high results can 
be more quickly corrected by treating the ignited residue 
of W 0 3 with as many cc. of concentrated hydrochloric 
acid as there are centigrms. of the residue and boiling for 
a few minutes. Then this may be diluted with three times 
its volume of hot water and allowed to settle. This 
process removes the contaminating molybdenum and 
leaves the tungsten pure. The filtrate containing the 
small amount of molybdenum is of course added to the 
main molybdenum solution. There seem to be no limits 
to the applicability of the molybdenum titration. When 
large amounts of molybdenum were present it was found 
advisable to make up to 250 cc. and work with portions 0 
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50 cc. each. The latter method proved to be a great 
iactor in reducing the time of the determination. 

When moderate samples are used the whole process, in- 
volving the determination of both the constituents, can be 
carried out in about three hours. The greater part of this 
time is consumed in washing the tungsten precipitate and 
in evaporating the filtrate containing the molybdenum to a 
bulk which may be easily handled. 

The results of ten complete separations follow — 


Grm. WO < 

Gun. M0O1 

Grm WOi 

Grm. M0O1 

present, 

present. 

found. 

found. 

0*1005 

0*1005 

O'XOOX 

O'XOIO 

o*X500 

0*1500 

0*1496 

0*1498 

0*2000 

0*2000 

0*2004 

0*1995 

0*2520 

0*2505 

0*2526 

0*2499 

0*3015 

0*3000 

0*3016 

0*2997 

0*3500 

0*3500 

0*3508 

0*3502 

0*4005 

0*4005 

0*4008 

0*3995 

0*4500 

0*4500 

0*4508 

0*4495 

0*4995 

0*4995 

0*4999 

0*4994 

0*3000 

0*3000 

0*3000 

0*2996 


Summary, 

Tungsten and molybdenum, in the form of their sodium 
salts, may be quickly and easily separated, the course of 
analysis being as follows— 

To a boiling solution containing the tungstate and 
molybdate of sodium in appropriate amounts add the tin 
solution (50 grms. SnCL*2HaO dissolved in 200 cc. con- 
centrated HCl) in the proportion of 20 cc. for each o* 15 grm. 
W 0 3 present. This amount of the reagent should be care- 
fully regulated, because less will not effect a complete 
separation, and more will be correspondingly harder to 
handle in the determination of the molybdenum. The 
dilution of the solution for analysis should be kept between 
60 cc. and 300 cc., depending on the amount of tungsten 
present. After boiling a few minutes allow the blue pre- 
cipitate of W3O3 to settle and then pour the orange super- 
natant liquid through 4 filter. Wash the precipitate 
thoroughly by decantation with hot 5 per cent hydrochloric 
acid until the washings give no test for molybdenum by 
the zinc and thiocyanate method. Bring the precipitate 
on the fitter and allow to drain. If the amount of pre- 
cipitate is small the filter may be ignited wet, but if the 
amount be large it is better to heat it until the greater part 
of the water has been driven off. Place the filter in a 
porcelain crucible and ignite gently to WO^. Cool in a 
desiccator and weigh. 

The filtrate and wash water are united and the whole 
evaporated to a small bulk. If the amount of tungsten 
and molybdenum taken has been large, cool and dilute to 
250 cc. and use aliquot portions of 50 cc. To this solu- 
tion add from 5—10 gems, of 20-mesh zinc. The tin will 
come out as metal. Pour off the green solutions when the 
precipitation of the tin is complete (this takes about ten 
minutes), and wash the cake of tin several times with hot 
water. Unite the filtrate and wash water and beat to 6o\ 
Pass through the reductor in the order named, 50 cc. ^dilute 
HCl (containing 2*5 per cent by volume of the strong acid,) 
the solution containing the molybdenum, 150 cc. 2*5 per 
cent (vol. cone. HCl), and finally 150 cc. hot distilled 
water. These pass into the flask of the reductor, which 
has been previously charged with 20 cc. 10 per cent ferric 
ammonium sulphate and 20 cc. of the “ titrating solution/ 1 
This solution is next titrated with approximately o*x N 
potassium permanganate and the amount required cal- 
culated to M0O3. 

If it is desired to determine the amount of tungsten in a 
sodium tungstate solution, add to that solution a quantity 
of sodium chloride solution, and proceed as when 
molybdenum is present. 

A fairly accurate separation of tungsten and molybdenum 
may be effected when they are present as ammonium salts, 
but the method is not to be highly recommended. 


ON THE ACTION OP LEAD, COPPER, TIN, 
NICKEL, ZINC, AND ALUMINIUM ON WATER. 
By Dr. W, P JORTS8LN, The Univu it> Uidm, Holland 


i. Introduction 

In conformity with a request on the part of the Chemical 
Section of the Eleventh International Pharmaceutical 
Congress, I have readily undertaken to report on the 
above-named subject. In a literal sense this would imply 
a paper about the action of the elements lead, copper, tin, 
nickel, zinc, and aluminium on pure water, but, however 
important this action may be from a scientific point of 
view, it is of much more practical importance to know the 
action that takes place when the above-named metals — 
pure or not— are brought into contact with water, such as 
is found in nature and practice, /.<>., water containing air 
and a number of other substances. This, however, 
materially extends the subject under discussion. 

That iron is not included in the above heading may 
seem strange at firBt sight, as this metal takes a pro- 
minent position in life. Considering, however, that two 
important treatises on the corrosion of iron and its tech- 
nical alloys have lately appeared (Note r), the exclusion 
of this metal will be understood, notwithstanding the fact 
that after their publication some interesting papers on this 
subject have seen the light (Note 2). 

Lead has been included in spite of the report issued by 
Messrs. H. W. Woudstra and C. J. Snuif at the Con- 
ference held in this country on the Chemistry of Eood- 
StufTs. But their papers dealt principally with the action 
of lead on drinking waters and the hygienic side of the 
question (Note 3). 

To have let copper drop out would have been more 
according to expectation, as two years ago in the Institute 
of Metals an extensive report on the corrosion of copper 
and some of its alloys at the hand of (r* D. Bengough 
came out (Note 4). 

With a view to the request to limit the length of the 
reports as much as possible, I have tried to render in a 
concise manner the principal facts on the domain to bt| 
considered. I have, however, made mention of such pub 
lications as would enable the reader, if necessary, to 
become acquainted with the principal literature on the 
subject. Moreover, I have not taken into account the 
hygienic side of the problem, as I do not feel competent 
to judge. 

Before entering into a detailed discussion of the cor- 
rosion by air and water of the various above-named 
metals, it is necessary to make some general remarks. 


2. General Remarks, 

If the potential diffeiences are determined between 
metals (placed in normal solutions of their ions) and a 
hydrogen electrode, the following table (series of electro- 
chemical potentials) is obtained, in which a lower placed 
metal possesses a higher potential than a higher placed 
one. 


Magnesium 
Aluminium 
Manganese 
Zinc . . 
Cadmium 
Iron . . 
Cobalt • • 
Nickel .. 
Tin 

Lead . . 
Hydrogen 
Copper .. 
Bismuth 
Antimony 
Mercury 
Silver , . 
Platinum 
Gold *. 


+ 1*276 
+ 1*075 
4 0770 
+0*430 

+<>\3H 
+0*232 
+0*228 
<+0*192 
+ 0*151 
0 

-0*329 

<-0-391 

<-0*466 

-0*753 

-077X 

<-0*863 

<-1*079 
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About the 4 * and - symbols the following remark may 
be made : —In passing from copper to a normal solution of 
copper sulphate, the potential sinks 0*329 volt, in passing 
from zinc to a normal solution of zinc sulphate it rises 
0*770 volt. 

Cu 



ZnS 0 4 

CuS 0 4 

| - 0*329 

Zn 

+ 0770 1 




If one were to start from the liquid and pass on to the 
metal the symbols would be reversed. Hence the symbols 
would also occur reverted in the above table. It need 
hardly be said that this has no influence on the calculation 
of potential differences. In case of alteration of the con- 
centration of the solutions the potential differences are also 
changed. Thus, «.g%, the potential difference copper- 
copper sulphate solution will be raised when the concen- 
tration of the solution is raised ; in the case of zinc-zinc 
sulphate solution the potential difference will be lowered 
under similar circumstances. As a rule, however, the dif- 
ferences are not very marked. If totally different solutions 
are taken, the potential difference metal-solution will 
undergo a greater change, but the order of the metals in 
the table will generally remain the same (Note 5). 

Thus the potential difference between zinc and copper, 
which in normal solutions of their ions amounts to i*i volt 
(0*770+0*329) has been found to be about 1 volt in 
drinking water and distilled water. That between iron 
and copper, according to the above table, 0*673 volt, is in 
a 3 per cent solution of chloride of sodium about 0*4 volt, 
in distilled water about 0*5 volt (Note 6). 

The potential difference between a metal and a solution 
of one of its salts may be explained as follows Take for 
instance zinc placed in *a solution of zinc sulphate 
and copper m a solution of copper sulphate. 
When the solutions are brought into contact by means of 
a porous wall or a syphon and the metals by a wire, we 
observe that zinc passes into solution (emits ions) and 
copper is deposited on the copper rod ({.*., copper ions 
lose their charge) ; S04*ions pass through the porous wall 
or the syphon. When those metals are placed discon- 
nectedly in solutions of their salts, we have simply to 
assume that also in that case the zinc begins by sending 
out Borne ions and that on the copper some copper ions 
will be discharged. Then the zinc must, in consequence 
of sending out positively charged particles, take a negative 
charge, whilst the copper receives a positive one from the 
copper ions. The two processes of emitting and receiving 
will soon stop* For instantly in the layer between metal 
and solution an 11 electric double-layer ” is formed. With 
zinc it consists of zinc ions on the side of the liquid and of 
an equivalent quantity of negative electricity on the side 
of the metal. With copper it is formed by attracted 
S 0 4 -ions at the side of the liquid and by an equivalent 
quantity of positive electricity at the side of the metal 
(Note 7). The arising potential difference opposes the 
sending out of zinc ions, respectively the discharging of 
copper ions. Soon its value becomes so considerable as 
to prevent the emitting of zinc ions and the discharge of 
copper ions (Note 8). 

If the metals and solutions are connected, an electric 
current is flowing, the zinc is enabled to send out ions 
continuously, whilst copper will be deposited all the 
time on the copper. A similar action takes place 
when zinc is immersed in a solution of copper sulphate. 
Zinc ions are emitted ; the negatively charged zinc 
attracts copper ions. If some of these are discharged on 
the zinc a galvanic cell is formed, in which the solving 
process of the zinc and that of depositing copper can pro- 
ceed without interruption. 

When we immerse zinc in a solution of sulphuric acid 
we expect an analogous result, the dissolving of zinc 
and the escaping of hydrogen, which is indeed observed in 


the case of crude zinc. With pure zinc no, or only a 
slight, liberation of hydrogen is perceptible, which, how- 
ever, takes place energetically whenever the metal is 
brought into contact with rods of carbon, copper, or silver, 
for instance, but in this case the gas escapes at those rods. 
It has been found that for the electrolytic liberation of 
hydrogen on other metals than platinised platinum a higher 
E.M.F. is required, which, according to W. A. Caspari 
(Note 9), amounts to 0*15 volt for silver, 0*21 volt for 
nickel, 0*23 volt for copper, 0*48 volt for cadmium, 0*53 
volt for tin, 0*64 volt for lead, 0*70 volt for zinc in acid 
containing zinc, 0*78 volt for mercury. Mott (Note 10) 
gives the following list of overvoltages : — Tin 0*55, lead 
0*50, antimony 0*45, bismuth 0*45, gold 0*20, silver 0*15, 
platinum 0*15, iron 0*10, brass 0*14 volt. 

These metals appears to be less able than platinised 
latinum to counteract the resulting polarisation by causing 
ydrogen to escape. With the exception of mercury, the 
hydrogen can escape more ehsily from the other above- 
named metals than from zinc. Hence the liberation of 
hydrogen on the copper or silver which we bring into con- 
tact with the zinc. Hence its liberation on zinc which 
contains impurities such as, for instance, lead and carbon. 
Then we have the galvanic cell : zinc, zinc salt solution, 
acid, hydrogen (occluded in lead). We can calculate 
the E.M.F. of this cell by subtracting the overvoltage 
of lead (0*64 volt) from the E.M.F. of the cell : zinc, 
zinc salt solution, acid, hydrogen fin platinised platinum), 
0*77 volt. We then find a small positive value, so that 
the contact with lead will hasten the solution of the zinc. 
However, the overvoltage of mercury (0*78 volt) being 
greater than the E.M.F. of the above cell, the contact 
with mercury does not accelerate ; thus a partly amalga- 
mated rod of pure zinc will not show any perceptible 
liberation of hydrogen (Note ix). 

Oxidation 0} Metals .— If we immerse zinc in distilled 
water, we have to do with another liquid in which H-ions 
occur. The concentration of these amounts to only 
about ixio~ 7 grms. per litre. The zinc sends out 
Zn-ions, as appears from the charge which it takes. 
H-ions will therefore be attracted. With pure zinc, how- 
ever, we do not expect a perceptible liberation of hydrogen, 
even less than when immersing it in a solution of sul- 
phuric acid, where the concentration of H-ions is so much 
more considerable. If oxygen is present, however, it 
may oxidise the hydrogen to water and peroxide of 
hydrogen (Note 12) on the surface of the zinc, new 
Zn-ions being formed. 

Zn+aH* — Zn* • + Ha ; Zn* • + 20H f — Zn (OH)a ; 

Ha+Oa — H2O3 and 2H2 + Oa — aHaO. 

The peroxide may further act upon the zinc, new Zn-ions 
being formed. 

As regards metals placed in the series much lower than 
hydrogen, no displacement of hydrogen is to be expected. 

From the conduct, however, of metals which are to be 
found very near to each other in the series it may be con- 
cluded what will happen to those metals which stand close 
to hydrogen. Take, for Instance, lead and tin of which 
one immediately follows the other. In solutions of the 
sulphates and chlorides of those metals an equilibrium will 
establish itself between the two metals, in which their 
salts will share with finite concentrations (Note 13). 

Now, copper is to be found just below hy drogen. Thus, 
in immersing this metal in dilute sulphuric acid, we may 
assume the equilibrium Cu+2H** Cu**+Ha, which, 
however, lies almost entirely on the left side of the equa- 
tion. A considerable increase of the H-ions, however, 
will shift the equilibrium to the right ; hence the acceleratng 
influence of an increasing concentration of the acid on the 
corrosion of copper by air in the presence of dilute sul- 
phuric acid (Note 14). This corrosion again takes place 
through the oxidation of the liberated hydrogen on the 
face of the copper (Note 15). 
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i* A, S. Cushman and H. A. Gardener, “The Corrosion 
and Preservation of Iron and Steel,” New York, 1910; J. 
Newton Friend, “The Corrosion of Iron and Steel,” 
London, 19x1. See also in 0 , F. Hudson’s “ Iron and 
Steel” (London, 1913) the chapter written by G. D. 
Bengough on Corrosion, and e.g., 0 . Krdhnke, “Ueber 
das Verhalten von Guss- and Schmiederohren in Wasser, 
SalzlSsungen, and Sauren,” Munchen, 1911. 

2. W. R. Dunstan and J. R. Hill, yourn. Chem. Soc., 
1911, xcix., 1836 ; B. Lambert, Ibid., 1913, ci., 2056. 

3. Chetn . Weekbl., ix., 447 * 457 * 10x3-1017 ; see also 
P. A. Meerburg’s paper, Chem . Weekbl., ix., 494-497, and 
the discussion on Messrs. Woudstra and Snail's report, 
Ibid., ix., X017 1022. 

4. yourn. of the Institute of Metals, xgxx, v., 28 88 ; see 
also the discussion on this report, Ibid., pp. 89-114, and 
some papers which appeared afterwards. J. T. Corner, 
*« Some Practical Experience with Corrosion of Metals,” 
Ibid., v., 115-126 ; P. T. Bruhl, “ The Corrosion of 
Brass,” Ibid., xgix, vi., 279-304 ; A. Philip, “ Contributions 
to the History of Corrosion,” Ibid., 19x2, vii., 50-69. 

5. For the change of places between iron and tin, which 
are to be found close together in the table, and for others, 
see, e.g., W. P. Jorissen, “On Galvanic Action,” Jaar - 
verslag Technol. Geselsch Delft, 1913, 19x1-12, pp. 
13 — 14. Diegel, Marine - Rundschau, 1898, ix., 1485, men- 
tions the following series for some metals placed in sea- 
water : — Zinc, aluminium or iron, tin, copper. For the 
change of places between aluminium and zinc see this 
Report, froze * 

6. E. Heyn and O. Bauer, Mittal . Konigl. Material - 
fruf. amt Qros-Lichterfelde West , 1908, xxvi,, 2r. 

7. The presence of a layer of ions around the charged 
metal has been proved by W. Palmaer, Zeit. Phys. 
Chem M 1898, xxv., 265. 

8 . For simplicity’s sake, Nernst's “ electrolytic aolution 
pressure ” and his formula for the calculation of the E.M.F. 
of a galvanic cell have been omitted. See his 
“ Theoretische Chemie,” 1913. 

9. Zeit. Phys . Chem., 1899, xxx., 93. See for the way 
in which this cathodic overvoltage is influenced by the 
physical condition of the metal and the part played by 
overvoltage in assisting or preventing the solution of a 
metal (J. I. Crabtree, yourn . Soc. Chem. Ind ., 19x3, 
xxxii.,521), 

10. Cited by Hambeuchen,yo«^. Inst, of Metals , 1911, 
i., 321. 

ix. That totally amalgamated zinc does not dissolve is 
due to the high overvoltage of the mercury, the alloy 
assuming the overvoltage of the external metal ; compare 
J. I. Crabtree, yourn. Soc . Chem. Ind., 19x3, xxxit., 521* 

12. As regards the formation of hydrogen peroxide 
during the oxidation of zinc, see M. Traube, her., xv., 
664; 1893, xxvi., 1472; compare W. B. Jorissen, Zest. 
Phys. Chem., 1897, xxii., 49. 

13. O. Sackur, Arb. a. d. Kais. Gesundh . amte, 1904, 
xx., 5x2. From a solution of leSd acetate the lead is 
almost wholly precipitated by tin ; from a solution of 
stannous nitrate the tin is almost wholly precipitated by 
lead. 

14. 0 . Sackur, Ibid., 1906, xxiii., 287. 

15. See for the formation of hydrogen peroxide M. 
Traube, Bet., 1882, xv., 664 ; 1883, xvi., 130. 

(To be continued). 


Institution of Petroleum Technologists. - Lord 
Fisher of Kilverstone and Vice Admiral Sir Edmond J. W. 
Slade have been elected honorary members of the institu- 
tion. 


1 Chbm-cal News 
1 ?»p * 9*3 , 

ENGLISH FILTER PAPER. 

It is well known that hitherto the supply of high-class 
filter-paper for analytical work hab been left almost 
entirely to the Continental manufactuier. 

The War has changed many things, and at a time when 
so much is being said and written about capturing the 
“ enemy’s trade,” it is a pleasure to find that in this par- 
ticular branch of manufacture at least one English firm of 
repute has set to work quietly and sybtematically to meet 
the need. Messrs. W. and R. Ralston, Ltd., the makers 
of the well-known “Whatman Drawing Paper,” have 
through the it agents forwarded samples of their first pro- 
duction, a filter-paper of very excellent quality. We have 
made some careful tests, and find that, as stated by the 
makers, it ib quite equal to the best German material. 
Otdmary filtration is very rapid, and finely divided barium 
sulphate filters clear and bright. Compared with the well- 
known S and S 595 it passes cold water much more 
rapidly, and the ash content marked on each packet is 
very small. The price is the same as the German 
material, 

Messrs. Ralston, in placing this paper upon the market, 
draw attention to the fact that in this their fust pro- 
duction they have had to prepare a paper to compare 
favourably with one that has been the result of many 
years’ experience by their foreign competitors, and we can 
sincerely congratulate them upon their success. The firm 
is now engaged upon the preparation of hydrochloric and 
hydrofluoric treated paper, and we shall look forward 
with interest to the result. Messrs. Ralstons’ agents are 
H. Reeve Angel and Co., 15* New Bridge Street, E.C., 
and the papers can be obtained from the usual trade 
houses. 


NOTICES OF BOOKS. 

4 Text-book of Inorganic Chemistry. Volume I. Part I. 
An Introduction to Modern Inorganic Chemistry , By 
J. New ton Fkjknh, D.Sc. (Birmingham), Ph.l). 
(Wiirz.), II. F. V. Littmj, B.Sc. (London), A.R.C.S,, 
D.I.C., and W. K. S. Turnkk, D.Bc. (London), M.Sci. 
(Birmingham). Part II. The Inert Oases. By II. 
Vincent A. Briscoe, tt.He. (London), A.R.C.H., 
D.LC. London ; Charles Griffin and Co,, Ltd. 1914 
This series of text books on inorganic chemistry will play 
a valuable part in the education of students of cheimstiy 
of the present geneiation, who will find it admirable, both 
as regards the matter contained in it and the abundant 
references to more detailed works. The writing of the fust 
volume, dealing with the general principles of the science 
and the inert gases, undoubtedly presented the greatest 
difficulties, which have been very successfully surmounted. 
The fundamental laws of the science, the general proper- 
ties of elements and compounds, molecular weight deter- 
minations, types of chemical change, &c., are clearly 
discussed, and the text is thoroughly up-to-date ; for ex- 
ample, some account is given of Moseley’s recent woik 
on the X-ray spectra of the elements, and alluHtonismade 
to the Quantum theory. It seems a pity that Sir J. J, 
Thomson’s method of positive ray analysis is not described 
in outline, but on the whole the authors’ choice of material 
is excellent. In the second part a clear account is given 
of the chemistry of the inert gases, and some debateable 
questions and speculations relating to them are desciibed 
in detail. 


The Rare Earths: their Occurrence, Chemistry, and 
Technology. By S I. Levy, B.A. (Cantab.), B.Sc, 
(London), A. I.C. London : Edwaid Arnold. 1915. 
The attention paid to the rare earths in English literature, 
and by English teachers of inorganic chemistry, is per- 
haps hardly commensurate with their growing importance 


English Filter-paper, 
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and the amount of work which Is being done upon them, 
and hence this book on the subject will be welcomed by a 
large number of workers and students. It gives a general 
but at the same time fairly detailed account of the 
occurrence* chemistry, and technology of the rare earths* 
zirconium and thorium being included as well as titanium* 
on account of its great interest and its use in volumetric 
work. The third part of the book, dealing with tech- 
nology, is particularly valuable, and this branch of the 
subject is in every way admirably treated. 


Outlines of Organic Chemistry . By F. J. Moore, Ph.D. 

Second Edition. New York : John Wiley and Sons 

Inc. London : Chapman and Hail, Lt<£ , 1914. 

This book, the second edition of which has been 
thoroughly revised, is intended more particularly for the 
use of the general student of science* and hence it is not 
difficult to find omissions in it which might, perhaps, be 
regarded as detracting from its value from the point of 
view of the specialist. On the other hand, much attention 
is paid to subjects of practical importance and to the 
applications of organic substances. Thus the synthesis of 
rubber is treated fairly fully, and compounds, such as 
starch, sugar, linseed oil, &c., which are of importance in 
every-day life, are described in more detail than is usual 
in works on elementary organic chemistry. A chapter on 
the chemistry of vitat processes will be found specially 
useful by students of biology. 


The "Wellcome” Photographic Exposure Record and Diary, 
1915. London : Burroughs, Wellcome, and Co. 
This photographic exposure record will be found very 
useful by all photographers, both amateur and professional. 
It is provided with a diary and tables, showing the relative 
exposures required by various brands of plates and films. 
It also contains much miscellaneous photographic infor- 
mation, and blank tables ruled for records of negative and 
positive exposures, in addition to many recipes and direc- 
tions for developing, fixing, intensifying, and reducing, &c. 


Practical Handbook for Beet Sugar Chemists . By 
Werner Moeller-Krause. Easton, Pa. : The 
Chemical Publishing Co. 19x4. 

Ir seems hardly probable that this book will find extensive 
use in England, lot it suffers from all the common defects 
of a handbook which is merely a condensation of larger 
works* and presents very few compensating advantages. 
The descriptions of analyses have been abridged to such 
an extent that only the experienced worker could glean 
much from them, and many details which are absolutely, 
indispensable from the beginner’s point of view are alto- 
gether omitted. Thus, although there is a lettered diagram 
of a polariscope no explanation of it is given, nor is the 
reader provided with any directions for using the instru- 
ment. On the other hand, the student is not supposed to 
know the correct way to read the level of a liquid in a 
graduated fiask. A fairly lengthy account is given of the 
process of the manufacture of sugar, and also some rather 
scrappy descriptions of the analysis of water, limestone, 
fuels, gases, &c. _____ 

Year Book of Pharmacy. London: J. and A. Churchill, 
1914. 

This year-book contains short abstracts of all the papers 
on pharmacy and materia medica which have appeared in 
British and foreign journals between July t, 19x3, and 
June 30, 1914* These abstracts are well classified and 
indexed, and will be of great use to pharmacists. A list 
of subjects suggested for research is added, and attention 
is called to the fact that a special fund exists to defray ex- 
penses connected with research work. Particulars may be 
obtained from the Executive Committee of the British 
Pharmaceutical Conference. The year-book also contains 
a full account of the Conference at Chester in July, 1914, 
at which some exceedingly useful and practical papers j 
were read and discussed. 1 


To the Editor of the Chemical News. 

Sir,— -I enclose a copy of a paper on actinium and Ionium, 
recently presented to the Royal Society of New South 
Wales. It is practically a summary of a paper read before 
the recent meeting of the British Association in Sydney. 

I bad an opportunity of going into the question of the 
recovery and isolation of actinium with Sir E. Rutherford 
during hfe visit, and he considers that its isolation should 
be quite practicable in the conditions under which I am 
working. — I am, &c., 

S. Radcliff. 

Dunbeved, Alexandra Street, Hunters’ Hill, N.S.W., 

Nov. 19, Z914. 

ON THE RECOVERY OF ACTINIUM AND 
IONIUM FROM THE OLARY ORES. 

A general account of the methods devised for extracting 
radium fiom the interesting ore complex occurring at 
Olary, S. Australia, has already been given; the present 
communication deals with the recovery of the ionium and 
actinium. 

Both ionium and actinium possess many of the proper- 
ties of the rare earthB, and separate out along with these 
in the course of treatment. It is necessary, therefore, to 
investigate the distribution of the rare earths in the various 
residues and precipitates produced in treating the ore, and 
to examine these chemically, and also by means of the 
electroscope. 

Ionium. — As ionium appears to be chemically inseparable 
from thorium, the activity of the ionium preparation that 
can be separated from a given ore depends on the ratio of 
the uraninm to the thorium in it. 

The chemistry of thorium has been very fully worked 
out, and in order to obtain an active ionium preparation 
from an ore, all that is necessary is to extract the thorium 
and purify it by any of the well-known methods. The 
uranium thorium ratio for the Olary ore is about 100 : 1 ; 
it is possible, therefore, to obtain from it ionium prepara- 
tions of considerable activity. 

Actinium.— Our knowledge of the chemistry of actinium 
is very imperfect. None of its salts have yet been pre- 
pared in a state approaching purity* and methods for its 
complete isolation remain to be devised ; the progress of 
the separation can of course be followed by means of the 
electroscope. Unfortunately, actinium preparations fre- 
quently show little or no activity initially* and it is neces- 
sary to keep them for some weeks in order to observe 
the characteristic rise of the activity with time. 

The uranium concentrates as received for treatment 
contain between three and four per cent of rare earths, 
the mixture having the composition 

Per cent. 

Thorium oxide 0*32 

Cerium oxide .. .. * . 27*60 

La and Dy oxide 46*60 

Yttrium oxide 25*30 

These earths distribute themselves in three of the works’ 
products, 

They are found 

(a) In the hydroxides of the elements of the iron group, 
which are precipitated by carbonate of soda during 
the extraction of the uranium. 

S in the uranium oxide recovered. 

In the mixture of impure sulphates of lean, barium, 
and radium recovered in the course of the extraction 
of the radium. 

The uranium oxide contains only traces of rare earths, 
and as these are only very feebly radio-active, they have 
not been examined in detail. 

The hydroxides (a) when washed and dried contain 
about 5 per cent, of a mixture of rare earths of the 
composition 
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THE CHEMICAL NEWS. 

Vol. CXI., No. 2880, 


NITROGEN AND CHLORINE IN RAIN AND 
SNOW. 

(Second Paper). 

By WILLIAM K KNOX. 

Wibsner (Chemical News, 1914, cix., 85) determined 
the nitrogen and chlorine in the different precipitations at 
Mount Vernon, Iowa, during the year 1912 1913. We 
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I have continued the work during the year 1913-1914, and 
j collected 43 samples, 36 of rain and 7 of snow, from 
October 4, 1913, to June 12, 19x4. Tne samples were 
collected in porcelain-lined pans, 20 inches in diameter, in 
an open space near the centre of the village. The popula- 
tion is about 2400 and there are no manufactures in the 
community. 

The snowfall during the period amounted to 11*5 inches, 
equivalent to 0*95 inch of rain. The rainfall was 17 75 
inches, a total of 18*7 inches of rain, which is above the 
normal for this section. The heaviest fall occurred on 
June 4, when the precipitation was 4*5 inches in a few 
hours. This contained a large amount of the various 
substances, as will be seen from the accompanying tableB. 

The chlorine was quite constant, showing 106 parts 
per million, In calculating the results we considered that 
an inch of rainfall on an acre weighs 226 875 pounds. 


Table I.— Parts per Million . 


Date. 


Rainfall. 

Chlorine. Nitrates 

Nitrites Free ammonia. Alb ammonii. 

October . . 

4 


1 

io*6 

0*30 

0*001 

1*12 

1*37 


7 


0*05 

10 G 

0*32 

0*00X2 

o *355 

0*659 


10 


0*5 

io*G 

0 25 

0*002 

0*112 

0 197 


iG 


025 

10-6 

025 

0*004 

O 23O 

0 041 


19 


075 

10 G 

0 40 

0 * 0 X 0 

X*31 

0*131 


26 


0*05 

xo*6 

0-30 

0*001 

0*230 

0 065 

November 

28 


0*5 

10*6 

0*40 

0*002 

0*032 

0 461 


7 


0-5 (rain and snow) io*6 

1*40 

0*002 

2*635 

1-547 

26 -28 

0*05 (rain and snow) xo G 

070 

0*002 

t* 3 i 

1-976 


30 


0*05 

10*6 

o *35 

0*003 

1*120 

0*923 

December 

6 


0'5 

10*6 

°*45 

0*004 

1*120 

0*922 

January. * 

x8 


0*25 

xo*6 

1*50 

0*001 

0*092 

1*976 


25 


4*0 (snow) 

7*f 

0*25 

0*004 

0*092 

0*13! 


28 


I’O 

io-O 

o *35 

Trace 

0 922 

0*131 

February 

6 


06 

12*4 

o *35 

0*001 

0*922 

0*131 


15 


I'O 

xo*6 

0*50 

0*001 

0*65 

0*16 

March . . 

16 


x*o 

10*6 

0 60 

0*015 

0*092 

0*263 


6 


0*5 

7 *x 

o*4f 

0*001 

0*230 

o*2g6 


7 


0*5 (snow) 

7*1 

0*12 

0*002 

No test 

No test 


21 


X'o (snow) 

24*85 

0*48 

0*001 

0*196 

1*31 


26 


3»o (snow) 

X 2*4 

0*50 

0*002 

X * X 2 

0 2g6 


27 


1 *o (rain) 

2‘5 

°*55 

0*001 

2*96 

5*25 


28 


o -5 

0*96 

0*20 

0*001 

1*96 

0*40 


29 


x*o 

o *35 

032 

0*0015 

0*165 

0*112 


31 


o*8 

xo*6 

o *45 

0*001 

0*296 

0*131 

April . .. 

XX 


0*5 

xo-6 

o *35 

0*001 

0*296 

0*40 


18 


0*25 

10*6 

0*40 

Trace 

0*23 

0 * X 3 


18 


0*25 

10*6 

°*35 

0*002 

0*196 

0*29 


24 


0*25 

10*6 

0-42 

0*001 

0*29 

1*12 


26 


0*25 

10*6 

0*36 

0*00x5 

0*32 

I 65 


28 


075 

xo*6 

0*25 

0*001 

0*23 

0*59 

May . .. 

3 


o *5 

xo*6 

0*40 

0 001 

1*12 

1*96 


7 


0*5 

io*6 

o*6o 

0*001 

i*66 

1*96 


7 


o*5 (rain and hail) 10*6 

0*30 

0*00t 

No test 

No test 


10 


0*25 

xo*6 

1*20 

0*00x5 

No test 

No test 


11 


O’X 

io*6 

o *35 

0*001 

0*52 

0*65 


2 X 


075 

xo*6 

0*30 

0*001 

0*922 

0*06 


24 


0*25 

xo*6 

0*40 

0*002 

0*98 

0*196 


26 


0*20 

io*6 

o *35 

0*001 

No teBt 

No test 


27 


0*23 

xo*G 

0*28 

0*001 

0*922 

0197 

June . .. 

4 


0*1 

7*i 

0*25 

o*oox 

o*g8 

0*197 





Table II.- 

- The Amounts per Acre, 



Date. 


Precipitation, 

Chlorine. 

Nitrates. 

Nitrites. 

Free ammonia Alb.ammon 

October • 

1 1 

4 

0*25 (rain 

| 060122 

0*001694 

0*000056469 0*06352 

0*07736 



7 

0*05 (rain 

| 0*12024 

0*003629 

0*000013611 0*00402 

0*00749 



10 

0*25 (rain 

| 0 ‘ 6 oX 22 

0*014138 

0*000112938 0*00632 

0*00706 



x6 

0*75 (rain 

) 1*8x864 

0*042351 

0 000677628 0 03896 

0*00644 



19 

0*05 (rain 

| 0*12024 

0*004537 

0*000x13437 0*03754 

000375 



26 

0*5 (rain) 

1*20253 

0*034031 

0*000113437 0*02609 

0*00737 



28 

0*5 (rain and snow) 1*20253 

0*045374 

0*000223874 0*00362 

0*05229 

November 


7 

0*05 (rain 

) 0*12024 

0*015880 

0*000022387 0*00362 

0*05229 


26— 

28 0*05 (rain 

) 0*12024 

0*008000 

► 0*000022387 0 01485 

0*02341 



30 

0*5 (rain) 

X*20252 

0*0x9802 

: 0*000340341 0*1270* 

0*10458 


Sulphate. 


0*0186 

0*063 

0*0126 


Sulphate 
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Perchloric Method oj Determining Potassium in Water. 

Table II . — The Amounts per Acre (continued). 


Date. 

Precipitation. 

Chlorine. 

Nitrates. 

Nitrites. 

Free ammonia. Alb. ammon. 

Sulphate. 

December .. 

6 

0*25 (rain) 

0'6oi22 

0*025411 

0*000225876 

0*06324 

0*05206 


January. .. 

18 

4-00 (snow) 

<>•59857 

0*084703 

0*000056469 

0*005x9 

0*11158 



25 

roo (snow) 

0-1314 

0*000047 

0*0000567 

0*02079 

0*02972 



28 

o*6 (rain) 

ri 99 i 

°’°39593 

0*0004525 

0*12652 

0*01769 


February . . 

6 

x-o (snowl 

0‘02325 

0*0066x7 

Trace 

0*17462 

0*02406 



IS 

x*o (snow) 

0*03235 

0*009453 

0*0001890 

0*04743 

0*03630 



16 

0*5 (rain) 

1*2025 

0*001134 

0*0068002 

0*01043 

0*03360 


March . . . . 

6 

0*5 (snow) 

0*0671 

0 004159 

0*0001417 

0*02084 

0*02796 



7 

i*o (snow) 

0*1342 

0*002268 

0*0000190 

No tests made 



21 

3*0 (snow) 

1*4066 

0*027225 

0*000x134 

O’OIXXX 

0*07450 



26 

1*0 frainl 

2 * 8 X 22 

0*0113437 

0*0002268 

0*2540 

0*0671 



27 

0*5 (rain) 

0*60T2 

0*062390 

0 0002268 

0-03357 

o *5955 



28 

x*o irainl 

2 722 

0*045363 

0*0002268 

0*4446 

0*0906 



31 

0*5 (rain) 

I ‘1343 

0*051046 

0*0001134 

0*3357 

0*0148 


April . . . * 

XX 

0*25 (rain) 

0*5671 

0*019851 

0*0000567 

0*OXXX 

0*2268 



18 

0-25 (rain) 

— 

0*022687 

0*0000567 

0*0130 

0*0073 



x8 

0*25 (rain) 

— 

0*019851 

Trace 

0 * 0 X 11 

0*0x64 



24 

0*25 (rain) 

1*5671* 

0*023821 

0*0001134 

0*0x64 

0*0063 



26 

075 (rain) 

1*70x5 

0*06x257 

0*0001701 

0*0544 

0*2806 



28 

°'5 («'») 

1*1343 

0*028359 

O'OOOlf 01 

0*0260 

0 0669 

0*0638 

May . . . . 

3 

o*5 (rain and hail) 

i*i 343 

0*045374 

0*0001134 

0*1270 

0*2223 

0*0218 


7 

0*25 (rain) 

1*5671 

0*034031 

0*0001134 

0*0935 

0 'IXXI 

0*0436 


7 

o a i (rain) 

0*2268 

0*006806 

0*0000226 


No tests made 



xo 

075 (rainl 

1*70x5 

0*0204x88 

0*0001701 


» » 



XI 

0-25 (rain) 

0*05671 

0*019851 

0*0000567 

0 0291 

00357 

None 


21 

0*2 (rain) 

0*4537 

0*0x36x2 

0*0004537 

0*04x8 

0 0027 

» 


24 

0-25 (rain) 

0*5671 

0*022684 

0*0005671 

0-5558 

0 XXII 

i, 


26 

o a 1 (rainj 

0*2268 

0*007940 

0*0004526 


No tests made 



27 

0*5 (rain) 

1*1343 

0*031762 

0*0001134 

0*1145 

0*0233 

»! 

June • * . , 

• 4 

4'5 (rain) 

7*2486 

0*0350265 

0*0009209 

0*9508 

0*1962 

11 



Total . . . . 

36*8488 

1*542451 

0 0129669 

3*6938 

37946 

0*T292 


On April 28 we made our first test for sulphate, and 
found it also in two subsequent precipitations. Later in 
the season no trace of sulphate was found, indicating that 
it comes from the sulphur in the coal. 

Our thanks are due to Dr. N. Knight for his assistance 
in this work. 

Cornell College, December ig, igr j. 


THE PERCHLORIC METHOD OF 
DETERMINING POTASSIUM AS APPLIED TO 
WATER ANALYSIS. 

By CLARENCE SCHOLL. 

Potassium is determined gravimetrically as potassium 
chloroplatinate (K^PtClo), as potassium cobaltinitrite 
(K a Co(NO a )6), and as potassium perchlorate (KCIO4). 

The potassium chloroplatinate method is most commonly 
used. It is accurate, but there are difficulties because of 
the solubility of the salt in alcohol, the non-uniformity of 
the precipitate, the loss by ignition, and the cost of 
material. The cost of chloroplatinic acid equivalent to 
i grm. of potassium in the precipitate, KaPtCle, amounts 
to 4.90 dols. While this material can be recovered, the 
cost of recovery is considerable. 

The determination as potassium cobaltinitrite in its 
present form is not satisfactory (H. B. McDoonel, Bur. 
Chem.Bull. 162, xg, 1912). The results are unreliable. 

The potassium perchlorate method, more commonly 
called the Wense-Caspari method (W. Wense, Zeit. 
Angetu. Chem ., 1891, iv., 691 ; 1892, v., 233 ; R. Caspari, 
Ibid,, 1893, vi., 68), has been applied to the analysis of 
fertilisers and similar material containing alkalis, alkaline 
earths, iron, aluminium, magnesium, and phosphates. 
The chief difficulty in this method has been the obtaining 
of the perchloric acid. The danger of preparing the pure 
acid, as was attempted, is very great. For this reason the 


method has not been available to many chemists. 
Recently a 20 per cent solution at 3.00 dols. a kilo., a 
30 per cent solution at 4.80 dols. a kilo,, and even stronger 
solutions of perchloric acid have been placed on the 
market. 

The quantity of perchloric acid necessary to combine 
with 1 grm. of potassium costs 3.8 cents. The cost of an 
equivalent amount of chloroplatinic acid is 4 90 dols* The 
cost of perchloric acid in the perchlorate method is not 
only lower than the cost of platinum m the chloroplatinate 
method, but is much lower than the cost of recovering the 
platinum. The precipitate KCIO 4 , is of constant com- 
position, its solubility in 96 per cent alcohol containing 
o ' 2 per cent HC10 4 is almost zero, and the loss by ignition 
is eliminated. The fertiliser chemists of Germany have 
tested the method ( Landw . Ver. Sta T903, lix., 3x3*, 
1907, lxvii., 145), and have obtained such accurate results 
that they have placed it on an equal basis with the cbloro- 
platinate method by adopting it as an official method 
(Fifth Internat. Oongr . of Apf>l, Chem 1903, i., 2 16 ; 
xg°3, iv., 940). 

In this method the sulphates are precipitated in a 
slightly acid solution. Tjis solution of chlorides is then 
treated with an excess of perchloric acid (1*5 times that 
required to combine with all bases present), and evaporated 
with constant stirring until white fumes appear. A small 
amount of water is then added, and again evaporated with 
stirrring. This is continued until all volatile acids are 
absent. The perchloric acid lost by volatilisation is re- 
placed from time to time. The precipitate, KCIO4, 
obtained is washed with 95 per cent alcohol immediately 
before drying. 

The author has modified this method as follows 
Precipitate the sulphates in a strong hydrochloric acid 
solution, avoiding a large excess 0* barium chloride. 
Evaporate the resulting solution with only a slight excess 
of perchloric acid without Btirring. Dissolve the residue, 
and again evaporate with perchloric acid. Wash the pre- 
cipitate only with alcohol containing 0*2 per cent perchloric 
acid before drying. 


Fcl'tw' l Perchloric Method of Determining Potassium in Water. 6 j 


The revised method as applied to the determination of 
potassium in water is as follows Evaporate an aliquot 
portion of the water to about 150 cc. Acidify with 10 cc. 
of concentrated hydrochloric acid, and heat to boiling. 
To the boiling solution add drop by drop (avoiding a large 
excess), a zo per cent solution of barium chloride until all 
the sulphates are precipitated. Boil for fifteen minutes, 
and then filter. If no precipitate forms, filtration may 
be omitted. 

Evaporate ths filtrate to dryness. Heat until all the 
ammonium salts are driven off. Dissolve in 20 cc. of hot 
water, and add a quantity of a 20 per cent solution of 
perchloric acid, slightly in excess of that required to com- 
bine with nearly all bases present. One cc. of perchloric acid 
is equivalent togomgrms. of potassium, K. Evaporate 
to dryness. Add 10 cc. ofhot water and a small amount 
of perchloric acid. Again evaporate to dryness, If white 
fumes do not appear, take up with 10 cc. of water, add more 
perchloric acid, and evaporate to dryness. Repeat until 
white fumes do appear. Take up with 25 cc. of 96 to 97 
per cent alcohol, containing 0*2 per cent perchloric acid 
(x cc. of 20 percent HCIO4 per 100 cc. of 97 to 98 per cent 
alcohol). Break up the residue with a stirring rod. 
Decant the supernatant liquid through a Gooch crucible 
containing a matt that has been washed with o'2 per cent 
perchloric acid in alcohol. If there is an unusually large 
precipitate, dissolve it in hot water, and repeat the 
evaporation with perchloric acid. (Large quantities of 
barium chloride are difficult to change to the perchlorate). 
Wash once by decantation with 0*2 per cent perchloric 
acid in alcohol, and transfer the precipitate to the crucible. 
Wash Beveral times with 0*2 per cent perchloric acid in 
alcohol. Dry the crucible in an oven at 120— 130° for an 
hour. Remove, cool, and weigh. The inciease in the 
weight of the crucible is KCIO4. (In using the Gooch 
crucibles, do not disturb the matt after analysis. Dissolve 
the potassium perchlorate with hot water, leaving the matt 
intact. Using the crucible repeatedly in this manner 
eliminates the errors due to the action of perchloric acid 
on fresh asbestos). 

If both sodium and potassium are to be determined, 
obtain the combined chlorides by the usual methods, and 
estimate the potassium as potassium perchlorate as 
described, omitting the precipitation of the sulphates with 
barium chloride. 

It is of advantage to evaporate to dryness with only a 
slight excess of perchloric acid, and to repeat the process 
a second, and possibly third time, in order to insure the 
removal of nearly all volatile acids, and in order to make 
stirring while evaporating unnecessary. 

The recommendation of 97 per cent alcohol for washing 
is due to the solubility of potassium perchlorate in alcoholic 
solutions of perchloric acid containing 95 per cent or less 
alcohol. The difference between the efficiency of 97 per 
cent and zoo per cent alcohol is immaterial. 

It is undesirable to wash the crucible with ether or 
alcohol just before drying. A slight amount of potassium 
perchlorate would be dissolved. Dry as much as possible 
with air suction, and then dry in an oven. The small 
amount of perchloric acid left in the asbestos will be 
volatilised without causing any error, especially if the same 
asbestos matt is used repeatedly. 

A series of analyses was first made using only potassium 
chloride (see Table I.). This potassium chloride, the 
urest of a well-known firm, was dried at x8o° for several 
ours before using. A standard solution was then pre- 
pared, and definite amounts measured out with a 
standardised pipette. 

Since the amount of potassium found agreed with the 
amount taken, a second series was analysed, using com- 
paratively large amounts of sodium chloride in addition to 
the potassium (see Table II.). 

The variations are small, and lie within the limits of 
experimental error. The largest is - 0*9 mgrm. The 
average for the X5 analyses is 0*2 mgrm. less than the 
theoretical amount. The balance used is not capable of 


Table I. — Analyses of Solutions containing only 
Potassium Chloride. 


No. 

Potassium 
added, grm. 

KCIO 4 

obtained, grm. 

Potassium 
obtained, grm. 

Error, grm 

I. 

0*0050 

0*0174 

0*0049 

- 0*0001 

2 . 

0*0 TOO 

0*0353 

0*0100 

— 

3* 

0-0I50 

0*0530 

0*0150 

— 

4 * 

0*0200 

0*0701 

0*0198 

— 0*0002 

5 - 

0 0300 

0*1049 

0*0296 

-OOOO4 

6 . 

0 0350 

0*1241 

0*0350 

- 

7‘ 

0*0500 

0*1769 

00499 

- 0*0001 


Table II. — Analysis of Solutions containing Large 
Quantities of Sodtum Chloride. 

Sodium Error. 


No. 

Potassium chloride in 

KC 104 

Potassium 



added. 

splution. 

obtained. 

obtained. 

Grm. 

Per cent 


Grm. 

Grm. 

Grm. 

Grm. 



1. 

0*0050 

0*0500 

0 0181 

0 0051 

+ 0*0001 

+ 2*0 

2 . 

0*0100 

O'ZOOO 

0*0350 

0*0099 

— 0*0001 

— 1*0 

3 - 

0*0200 

0*2000 

0*0712 

0 * 020 X 

-i-o 0001 

+ 0*50 

4 * 

0*0300 

0*3000 

0*1073 

0*0302 

+ 0*0002 

To*66 

5 * 

0*0400 

0*4000 

0*1423 

0*0401 

4 0*0001 

+ 0*25 

6. 

0*0500 

0*5000 

0-1783 

0*0503 

4 0*0003 

+o*6o 

7 * 

0*0600 

o*6ooo 

0*2129 

0*0600 

— 

— 

8. 

0 0700 

0*7000 

0*2471 

o * o 6 q 7 

-0 0003 

-0*40 

9 - 

o*o8ao 

0 8000 

0*2830 

0*0799 

- 0*0001 

~o*ix 

10. 

0*1000 

1*0000 

° % 3534 

0*0997 

-0*0003 

-0*30 

IZ. 

0*2000 

1*0000 

0*7090 

0*2001 

+ 0*0001 

+0*05 

12. 

0*3000 

1*0000 

1*0626 

0*2999 

- 0*0001 

-0*03 

* 3 - 

0*4000 

1*0000 

1*4171 

0*3999 

-0*0001 

-0*03 

14. 

0*5000 

X’OOOO 

17686 

0*4991 

—0*0009 

-0*18 

15 * 

1*0000 

1*0000 

3-5+38 

1*0000 

— 

— 


Table III.— Analyses of Waters of High Mineral Content . 
Mineral 
content. 


x. 0*0500 

0*6000 

0*1757 

0*0496 

- 0*0004 - o*8o 

2 . 0 * 15 O 0 

o*6ooo 

05301 

0*1497 

- 0*0003 - 0*20 

3. 0*2500 

0 6000 

0*8887 

0*2508 

40*0008 |>0*32 

4. 0*3000 

o'6ooo 

1*0612 

0*2995 

-0*0005 -0*17 

5 . 0*3500 

0 6000 

1-2378 

o *3493 

- 0*0007 - 0*20 


Table IV.— Analyses of Highly Mineralised Water 




containing Phosphate, 



I. 

0*0500 

0*7000 

0*1784 

0*0503 

4 0*0003 

4 0 60 

2. 

0*1000 

0 7000 

0*3540 

0 0999 

-0*0001 

0*10 

3 * 

0*1500 

0*7000 

0*5323 

0*1502 

+ 0 0002 

4013 

4 * 

0*2500 

0*7000 

0*8867 

0*2501 

4 0*0001 

4004 

5 * 

0*3500 

0 7000 

1*2385 

0-3494 

-0*0006 

- 0*17 


weighing less than 0*1 of a mgrm. The error in percentage 
is large with small quantities (amounting to as much as 
2*o per cent). Increasing the quantity of potassium 
deceases the error in percentage. 

An artificial mineralised water was then made by adding 
the following constituents to distilled water : — CaC 0 3 , 
MgCOj, MgCl*, Na 2 C 0 3 , NaCl, and Na 2 N 0 3 . The 
insoluble constituents were dissolved with a small amount 
of hydrochloric acid. Portions of this solution containing 
o'i grm. of each substance (CaC0 3 and MgC 0 3 now being 
present as CaCl 2 and MgCI 2 respectively), were measured 
out. Known amounts of potassium were then added to 
each portion, and determined without removing any of the 
ions. The results are shown in Table III, In this series 
most of the errors, although not large, are minus in 
character. 

To each of several portions of the same artificial water 
0*1 grm. of Na 3 P 0 4 was added, and the potassium deter- 
mined as above, with results as shown in Table IV. 

Though Bodium phosphate is insoluble in alcohol, it 
does not produce an error in the determination of potas- 
sium (see Table IV.) When sodium phosphate is 
evaporated with HGO4, the following reaction takes 
place : — N a 3 PC>4 + 3HCIO4 » 3 NaC 10 4 + H3PO4, Sodium 
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perchlorate and phosphoric acid are soluble in alcohol, 
and do not cause an error in the determination ot potassium. 

The sulphate and ammonium ions were found to produce 
an error, but the error caused by the sulphate was not 
equivalent to all the sulphate ion that was present. It is 
necessary to remove all of the ammonium salts and most 
of the sulphates. 

Summary . 

The method of determining potassium as the perchlorate 
is accurate. 

Sulphate and ammonium ions produce an error, and 
must be removed. The sulphate is precipitated with 
barium chloride in a strongly acid solution avoiding a 
large excess. The ammonium salts are expelled by 
heating. 

The phosphate ion does not produce an eiror, and need 
not be removed. 

The solution containing chlorides should be evaporated 
to dryness with a slight excess of perchloric acid, without 
stirring. 

The precipitate should be washed only with alcohol 
containing 0*2 per cent perchloric acid. 

The time of making an analysis is short, the manipula- 
tions are simple, and the cost is almost negligible. 

The method can be recommended for use in water 
analyses and in other analytical work where the content of 
potassium is desired . — Journal of the American Chemical 
Society , xxxvi., No. 10. 


SOME RAPID METHODS FOR GLASS 
ANALYSIS. 

By E. C. SULLIVAN and W. C. TAYLOR. 

Some convenient methods which we have developed 
for the routine analyses of glasses may be capable of 
further application, and we therefore desire to bring 
them to the attention of others. Our original procedure 
for a complete analysis waB to determine the alkalis by 
the J. Lawrence Smith method and the other bases and 
silica by fusion with soda. In some cases we were able to 
make use of the decomposition of glafis by hydrofluoric and 
sulphuric acids. Alter some experimenting we found that 
we could use oxalic acid in place of sulphuric to decompose 
the fluorides. The oxalates can in turn be decomposed 
by heat, so that no bases or acids are introduced to inter 
fere with the determination of the glass constituents. By 
this method the complete analysis of a glass may be 
finished in one day. 

This method was developed for the analysis of a large 
number of glasses of the same type. These contained 
silica, lead, soda, and potash in varying proportions, with 
small amounts of iron, alumina, manganese, lime, and 
magnesia as impurities. For these glasses the following 
method was used One grm. of finely-powdered glass is 
placed in a platinum crucible of about 40 cc. capacity, 
moistened with water, 2 grms. of H 2 C 2 0 4 crystals added 
and enough 48 per cent HF to fill the crucible half full. 
This is evaporated to dryness on a radiator, the tempera- 
ture of which is just high enough to expel the excess of 
oxalic acid. When all the acid has been expelled the 
crucible is cooled and the evaporation repeated twice more 
with oxalic acid and water. The amount of oxalic acid used 
is about 5 grms. in all. It was necessary to know the 
amount used as a blank showed 0*0012 grm. of alkali 
chlorides from this source. After the third evaporation, 
when all the excess of oxalic acid is expelled, the remaining 
oxalates are taken up with hot water, allowed to cool and 
filtered. The residue which, in the case of the glasses 
mentioned, consists of PbC 2 0 4 only, with trace of 
CaC 2 0 4 , may be titrated directly with KMn 0 4 or dissolved 
in dilute HNO* and determined as sulphate. The filtrate 
from the PbC 2 0 4 is evaporated to dryness in a platinum 
dfeh and then heated over a free flame until oxalates are j 


decomposed, The carbonates are then taken up with 
water and HC 1 and the mixture is evaporated to dryness 
to remove the small amount of Si 0 2 . The salts are taken 
up with a few drops of HC 1 and hot water, a few drops of 
bromine water added, then a little ammonia, and the 
solution is boiled. The precipitate of hydroxides of iron, 
aluminium, and manganese is filtered off, ignited and 
weighed. The filtrate is divided into two equal portions. 
To one are added NH 4 OH and (NH 4 )2HP0 4 , which pre- 
cipitate a small amount of magnesia — about 1 mg. This 
is calculated to chloride and deducted from weight of 
NaCl,KCl. The other half is evaporated to dryness, 
ammonia salts expelled by heat, and the chlorides weighed. 
The MgCl 2 found and alkali from blank determination on 
all reagents are subtracted and the K 2 0 determined by 
the platinum chloride method and Na 2 0 by difference. 

(Note, — The radiator used was made up from a 
description by W. F. Hillebrand in Bulletin No. 422, 
U.S. Geol. Survey, p. 31, and is described here as it has 
considerable influence on the success of the method, r is 
of sheet iron, aluminium, or nickel, f> to 7 cm, high, 8 cm. 
wide at top and 5 cm. at bottom. The base u may be of 



iron, nickel, or platinum but not of aluminium, which will 
not stand the temperature of the direct flame, u is 
attached to R by turning the cogs of » up and over those 
of k. A platinum triangle should be inserted about 4 cm. 
from the base. An aluminium ring with an opening 
slightly larger than the underlying crucible should be 
placed over the radiator to hasten evaporation). 

The following table will show some of the results 
obtained on weight of alkali chlorides from 1 grm. 
sample — 


»s No. 

J, L. Smith method, 

Oxalate. 


Grm. 

Grm. 

1. 

0*1170 

0*1175 


o*i 168 

o*i 16*2 


0*1x76 

0*1169 

0*1163 

2. 

0*1177 

0*1199 


0*1196 

0*1198 

*• 

0*1290 

0*129 t 

5 * 

0* 1 168 

0*1169 


On the separation of soda and potash the oxalate 
method averages about 0*15 per cent lower in K 2 0 and 

correspondingly higher in Na 2 0 . 
by the oxalate method expressed 

The lead determination 
in per cent PbO conv 

pares as follows— 

Soda fusion . 

Oxalate • 

21*00 

21*22 

21*13 

21*15 


21*30 


21*18 


The combined weights of iron, alumina, and manganese 
amount to from 1 to v$ per cent and average from 0*2 to 
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o*3 pec cent lower by the oxalate method than by the soda 
fusion. The amounts of CaO and MgO are in the neigh- 
bourhood of o*x per cent, and are slightly lower by the 
oxalate method where determined, though these deter- 
minations were usually omitted. We have used this 
method since on a large number of similar samples and 
have found it satisfactory for glasses of this type. 

In applying this method to other glasses the procedure 
following the three evaporations must of course be varied. 
The first step is to separate the soluble and insoluble 
oxalates. From there on the procedure may vary 
according to what elements are present. The oxalates we 
have worked with group themselves as follows— 

Insoluble . 

Lead Copper 2 Magnesium 2 

Calcium Cobalt z 

Zinc Nickel 2 

Cadmium x Barium 2 


Soluble . 

Sodium Manganese 3 

Potassium Iron 4 

Aluminium Arsenic 

Chromium Antimony 5 

1. Almost quantitative; in presence of zinc traces 

present with soluble oxalates. 

2. Though mostly insoluble, these elements must be 

looked for with the soluble oxalates unless par- 
ticular precautions are taken to have conditions 
right to render the oxalates insoluble. Presence of 
other elements also affects the solubility of these 
oxalates. 

3. Manganese up to 2 per cent gave no test for the ele- 

ment with the insoluble oxalates, but a glass con- 
taining 6 per cent MnO showed nearly half this 
amount as an insoluble oxalate. 

4. Does not occur with insoluble oxalates except in zinc 

glasses when a small amount is found with the zinc. 

5. Normally soluble but has been found with insoluble 

oxalates when these were heated too strongly. 


Arsenic or antimony, if present, should be removed 
from the soluble oxalates with H a S before the oxalates are 
decomposed. This necessitates acidifying with HC 1 , 
which must be expelled before decomposing the remaining 
oxalates ; otherwise alkali chlorides are volatilised. The 
insoluble oxalates are in general dissolved in dilute HC1 
and separations made as in any mixture of chlorides. 
Borates do not interfere with the analysis. A number of 
analyses of glasses and silicates of other types are given to 
show results obtained by this method. The figures given 
are the difference between the oxalate method from the 
soda fusion and J. Lawrence Smith method. They are 
expressed as + when oxalate method is higher and * 
when lower. 

A B C D E F 


Na a O .. .. -0*08 +0*26 -o’i6 -o-ii +o*i8 +0-14 

K 2 0 .. — o*o6±o'oo +o*xo ±o*oo -0*08 -0*04 

CaO .. .. —0*22 -0*03 — -0*05 — — 

Al 2 03.Fe 2 0 ? +004 -0*08 — ±o*oo +0*03 -0*04 

ZnO .. .. — +0*13 +0*07 -0*30 +0*04 — 


A. An ordinary soda lime glass. 

B. A soda lime, zinc borosilicate. 

C. A soda potash zinc glass. 

D. A soda zinc borosilicate. 

E. A soda potash zinc glass. 

F. A soda alumina borosilicate. 


The presence of more than 3 per cent alumina causes 
difficulty, owing to its interfering with the expulsion of 
fluorine by oxalic acid. Except the lead glass all those 
containing Al a O, gave a test for fluorine in the soluble 
oxalateB, and the amount of such fluorine was greater for 
high Al a 0 3 content than for low. 
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Felspar gave very low results for alkali. A sample 
yielding 0*1246 grm. of alkali chlorides by the J. Lawrence 
Smith method gave 0*0909 grm. by the oxalate method. 
This was increased to 0*1102 grm. by re precipitation of 
the alumina and to 0*1230 grm. by a second re-precipita- 
tion. With several alumina glasses low results were ob- 
tained on both AI2O3 and alkali, while with other glasses 
either AI2O3 was low and alkali high or alkali was low and 
alumina high. From the data at hand it seems as if both 
alkali and AI2O3 were apt to be lost at some stages of the 
analysis, but so far our results are not consistent, probably 
due to the variation in temperature in different analyses. 
In some we get conditions favourable for a loss of alkali, 
in some for a loss of Al2C>3, and sometimes for both. We 
have, with great care m heating, obtained only slightly 
low results where both AI2O3 and Na a O were very high 
as in cryolite. The loss therefore probably can be 
prevented. 

Boric oxide tends to alleviate the difficulty caused by 
alumina and it does not in any way interfere with later 
determinations. Borosilicates with up to 5 per cent 
AI2O3 give fairly good results. One showed 4*82 per cent 
AI2O3 and o'xoxo grm. alkali chlorides by regular methods 
and 4*g3 per cent AI2O3 and 0*1027 grm. alkali chlorides 
by the oxalate method. The results on glass G mentioned 
in the table are not very good, however. With glasses 
not containing B2O3 the addition of boric acid before 
evaporation with HF and H2C2O4 decreased the fluorine 
content of the soluble oxalates and also gave higher 
results for AI2O3 and alkali without showing any B2O3 
present with the alkali. 

From the results so far we do not feel confidence in the 
method for such glasses as show undecomposed silico- 
fluorides, for while accurate determinations may be ob- 
tained with special precautions the method has no ad- 
vantages under such conditions. For glasses which do 
not contain much AI2O3 the method seems well adapted, 
especially for the analysis of a series of glasses of very 
nearly the same composition. We have also found it con- 
venient for the rapid determination of A«* 3 0 3 or SbaC^ m 
glass. 

Determination of Boric Add . 

In the analysis of borosilicate glasses we have found 
that for the determination of boric oxide the method 
described by Wherry ( Jonm . Aw* Chew. Soc 1908, xxx., 
1687 is very useful — 

h * Fuse the sample with about 3 grms. of Na fl CO| for 
fifteen minutes. Take up with 20 to 30 cc. of dilute HC 1 , 
adding a few drops of HN 0 3 to oxidise ferrous iron. 
Place in a 250 cc. round-bottomed flask, heat nearly to 
boiling, and add dry precipitated CaC0 3 in moderate 
excess. Connect with a return condenser and boil 
vigorously for about ten minutes. Filter out the precipitate 
through a small Buchner funnel, washing several times with 
hot water, but keeping the total volume of liquid below 
100 cc. Return the filtrate to the flask, add a pinch of 
CaC 0 3 and again heat to boiling ; then connect with a 
filter pump, through a splash trap, and continue suction 
until the boiling has nearly ceased. Cool to the ordinary 
temperature, filter if the precipitate has a red colour from 
iron, add four or five drops of phenolpbthalein, and run in 
slowly N/10 NaOH solution until the liquid is strongly 
pink in colour. Introduce about x grm. of mannite and 
shake, whereupon the pink colour will disappear. Add 
NaOH to end reaction, then another grm. of mannite and 
if necessary more alkali until a permanent pink colour is 
obtained.” 

The method was first tried by fusing 0*5 grm. sand and 
0*2 grm. boric acid with 3 grm. soda. The melted mass 
was taken up with water and 7 cc. cone. HC 1 added after 
transfer to a 250 cc. flask. The method was then followed 
as described above except titration was made with 
Ba(0H)2. The B2O3 content came from 2 to 10 per cent 
low, due to retention of B a Oq by the precipitate from 
CaC 0 3 . By using suction in filtering and washing this 
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precipitate practically 100 per cent of the BaOj introduced 
was recovered. For 0*25 grm. B2O3* 12*40 Ba(OH) a we 
used 12*35 and 12*40 cc. As iron and alumina are rarely 
present in large amounts in glass, and as the time of the 
soda fusion with glass can be cut to a few minutes, the 
method seemed quite readily adaptable. 

The first glass tried was a soda alumina borosilicate 
which, from analysis, showed a possible B2O3 content of 
10*40 per cent by difference. Three determinations by 
Wherry’s method showed 10*72, 10*57, *0*67 P et cent 
B 2 0 3 , or an average of 10*64 per cent. A soda borosilicate 
containing a small amount of BaO and Sba03 showed 
25*57 P et cent B2O3 by Wherry’s method and 25*75 P er 
cent by difference. Other glasses of same type showed— 

Per cent BjOa by titration. Per cent Bj 0 .i by difference 
25*10 25*12 

12*71 12*15 

17*57 *7*5* 

14*90 15*01 

With a 2inc borosilicate very unsatisfactory results were ob- 
tained, the B2O3 content by titration running from 4 to 9 
per cent when only 2 per cent was present. Several mix- 
tures of ZnO and sand with a known amount of B2O3 
were run through by Wherry’s method, and results for 
B2O3 were always high even after very long boiling. 
Solutions of ZnCl a and borax were boiled with CaCC>3 for 
varying lengths of time and using slight excess and large 
excess of CaCQ^, and sine was always found in the filtrate 
from the CaC03 precipitate. CaO was substituted for 
CaCO^ but with no better success. Na a C0 3 completely 
removed the zinc from solution, and by a double precipita- 
tion, using first Na 2 C03 and then CaCC^, we obtained 
o 0360, 0*0361, and 0*0365 grm. B 2 0 3 when the theoretical 
amount was 0*0365 grm. PbO was found to cause the 
same trouble as ZnO and the same modification of the 
method gave satisfactory results. We have been able to 
use the modified method on a large number of glasses with 
satisfactory results. 

The modified method then is as follows : - Fuse 0*5 grm. 
of glass with 3 grm. Na a COj for one or two minutes after 
mass is liquid. Take up with 20 to 30 cc. of hot water 
and when the melt is entirely decomposed filter out any in- 
soluble oxides. After washing, transfer filtrate and 
washings to a 250 cc. round-bottomed fiask, add about 
7 cc. concentrated HC1, heat nearly to boiling, and add 
dry precipitated CaCC>3 in moderate excess. From here 
on the method is as given by Wherry except that we used 
Ba(OH)a instead of NaOH. It is also advisable to use 
suction i or filtering the CaCC>3 precipitate . — Journal 
of Industrial and Engineering Cheudstry^v i,, No, rx. 


SOME ASPECTS OF INDUSTRIAL CHEMISTRY.* 
By L. H. BAEKELAND, Sc.D. 

While I appreciate deeply the distinction of speaking 
before you on the occasion of the Fiftieth Anniversary of 
the Columbia School of Mines, I realise, at the same time, 
that nobody here present could do better justice to the 
subject which has beer chosen for this lecture than the 
beloved master in whose honour the Charles Frederick 
Chandler Lectureship has been created. 

Dr. Chandler, in his long and eminently useful career 
as a professor and as a public servant, has assisted at the 
very beginning of some of the most interesting chapters of 
applied chemistry, here and abroad. 

Some of his pupils have become leaders in chemical in- 
dustry ; others have found in his teachings the very con- 
ception of new chemical processes which made their names 
known throughout the whole world. 


Industrial chemistry has been defined as (( tbe chemistry 
of dollars and cents.” 

This rather cynical definition, in its narrower interpreta- 
tion, seems to ignore entirely the far-reaching economic 
and civilising influences which have been brought to life 
through the applications of science ; it fails to do justice 
to the fact that the whole fabric of modern civilisation 
becomes each day more and ever more interwoven with 
the endless ramifications of applied chemistry. 

The earlier effects of this influence do not date back 
much beyond one hundred and odd years. They became 
distinctly evident during the first French Republic, in- 
creased under Napoleon, gradually spread to neighbouring 
countries, and then reaching out farther, their influence is 
now obvious throughout the whole world. 

France, during the revolution, scattered to the winds 
old traditions ana conventionalities, in culture as well as 
in politics. Until then, she had mainly impressed the 
world by the barbaric, wasteful splendour of her opulent 
kings, at whose courts the devotees of science received 
scant attention in comparison to the more ornamental 
artists and belles-lettrists, who were petted and rewarded 
alongside of the all-important men of the sword. 

In fact, as far as the culture of science was concerned, 
the Netherlands, Germany, and Italy, and more particu- 
larly England, were head and shoulders above the France 
of“Ie Roi Soleil.” 

The struggles of the new rdgirae put France in the awk- 
ward position of the legendary beaver which “had to climb 
a tree.” 

If for no other reason, she needed scientists to help her 
in her wars against the rulers of other European nations. 
She needed them just as much for repairing her crippled 
finances and her badly disturbed industries which were 
dependent upon natural products imported until then, but 
of which the supply had suddenly been cut off by the so- 
called Continental blockade. Money prizes and other 
inducements had been offered for stimulating the develop 
ment of chemical processes, and— what is more signi- 
ficant-patent laws were promulgated so as to foster 
invention. 

Nicolas Leblanc’s method lor the manufacture of soda 
to replace the imported alkalis, Berthollet’s method for 
bleaching with chlorine, the beet-sugar industry to replace 
cane-sugar imported from the colonies, and several other 
processes, were proposed. 

All these chemical processes found themselves soon 
lifted from the hands of the secretive alchemist or the timid 
pharmacist to the rank of real manufacturing methods ; 
Industrial chemistry had begun its lusty career. 

First successes stimulated new endeavours and small 
wonder is it that France, with these favourable conditions 
at hand, for a while at least, entered into the most 
glorious period of that part of her history which relates to 
the development of chemistry and the arts dependent 
thereon. 

It is difficult to imagine that, at that time, Germany, 
which now occupies such an enviable position in chemistry, 
was so far behind that even in 1822, when Liebig wanted to 
study chemistry at the best schools, he had to leave his 
own country and turn to Gay-Lussac, Thenard, and 
Dnlongm Paris. 

But the British were not slow to avail themselves of the 
new opportunities in chemical manufacturing so clearly 
indicated by the first successes of the French. Their 
linen bleacheries in Scotland and England soon used an 
improved method for bleaching with chloride of lime, 
developed by Tennant, which brought along the manu- 
facture of other chemicals relating thereto, like sulphuric 
acid and soda. 

The chemical reactions involved in all these processes 
are relatively simple, and after they were once well under- 
stood, it required mainly resourceful engineering and good 
commercial abilities to build up successfully the industries 
based thereon. 

From this epoch on dates the beginning of the develop- 
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raent of that important industry of heavy chemicals in 
which the British led the world for almost a century. 

In the same way, England had become the leader in 
another important branch of chemical industry— the manu- 
facture of coal-gas. 

The Germans were soon to make up for lost time. 
Those same German universities, which when Liebig was 
a young man were so poorly equipped for the study of 
chemistry, were now enthusiastically at work on research 
along the newer developments of the physical sciences, 
and, before long, the former pupils of France, in their 
turn, became teachers of the world. 

Liebig had inaugurated for the chemical students work- 
ing under him bis bystem of research laboratories ; how- 
ever modest these laboratories may have been at that 
time, they carried bodily the study of chemistry from peda- 
gogic boresomeness into a captivating cross-examination 
of nature. 

And it seemed as if nature had been waiting impa- 
tiently to impart some of her secrets to the children of 
men, who for so many generations had tried to settle 
Truth and Knowledge by words and oratory and by bril 
liant displays of metaphysical controversies. 

Indeed, at that time, a few kitchen tables, some clumsy 
glassware, a charcoal furnace ox two, some pots and pans, 
and a modest balance were all that was needed to make 
nature give her answers. 

These modest paraphernalia, eloquent by their very sim- 
plicity, brought forth rapidly succeeding discoveries. One 
of them was truly sensational : Liebig and Wohler suc- 
ceeded in accomplishing the direct synthesis of urea ; 
thinking men began to realise the far-reaching import of 
this revolutionary discovery whereby a purely organic 
substance had been created in the laboratory by starting 
exclusively from inorganic materials. This result upset 
all respected doctrines that organic substances are of a 
special enigmatic constitution, altogether different from 
inorganic or mineral compounds, and that they only 
could be built up by the agency of the so-called “ vital 
force”— whatever that might mean. 

Research in organic chemistry became more and more 
fascinating; all available organic substances were being 
investigated one after another by restless experimentalists. 

Coal-tar, heretofore a troublesome by-product of gas 
manufacture, notwithstanding its uninviting, ill-smelling, 
black, sticky appearance, did not escape the general in- 
quisitive tendency ; some of its constituents, like benzol 
or others, were isolated and studied. 

Under the brilliant leadership of Kbkull, a successful 
attempt was made to correlate the rapidly increasing new 
experimental observations in organic chemistry into a new 
theory which would try to explain all the numerous facts ; 
a theory which became the sign-post to the roads of further 
achievements. 

The discovery of quickly succeeding processes for 
making from coal-tar derivatives numerous artificial dyes, 
rivalling, if not surpassing, the most brilliant colours of 
nature, made the group of bold investigators still bolder. 
Research in organic chemistry began to find rapid 
rewards ; entirely new and successful industries based on 
purely scientific data were springing up in England and 
France, as well as in Germany. 

Some wideawake leaders of these new enterprises, more 
particularly in Germany, soon learned that they were 
never hampered by too much knowledge, but that, on the 
contrary, they were almost continuously handicapped in 
their impatient onward march by insufficient knowledge, 
or by misleading conceptions, if not by incorrect published 
facts. • ... 

This is precisely where the study of organic chemistry 
received its greatest stimulating influence and soon put 
Germany, in this branch of science, ahead of all other 
nations. , „ , „ „ , 

Money and effort had to be spent freely for farther re- 
search. The best scholars in chemistry were called into 
action. Some men, who were preparing themselves to 
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become professors, were induced to take a leading part as 
directors in one or another of the new chemical enterprises. 
Others, who refused to forsake their teachers’ career, were 
retained as advisers or guides, and, in several instances, 
the honour of being the discoverers of new processes, or a 
new dye, was made more substantial by financial rewards. 
The modest German university professor, who heretofore 
had lived within a narrow academic sphere, went through 
a process of evolution, where the rapidly growing chemical 
industry made him realise his latent powers and greater 
importance, and broadened his influence way beyond the 
confines of his lecture-room. Even if he were altruistic 
enough to remain indifferent to fame or money, 
he felt stimulated by the very thought that he was helping, 
in a direct manner, to build up the nation and the world 
through the immediate application of the principles of 
science. 

In the beginning, science did all the giving and 
chemical industry got most of the rewards ; but soon the 
roles began to change to the point where frequently they 
became entirely inverted. The universities did not 
furnish knowledge fast enough to keep pace with the re- 
quirements of the rapidly developing new industries. 
Modern research laboratories were org'anised by some 
large chemical factories on a scale never conceived before, 
with a lavishness which made the best equipped university 
laboratory appear like a timid attempt. Germany, so 
long behind France and England, had become the recog- 
nised leader in organic manufacturing processes, and 
developed a new industrial chemistry based more on the 
thorough knowledge of organic chemistry than on en- 
gineering skill. 

In this relation, it is worth while to point ont that the 
early organic industrial chemistry, through which Germany 
was soon to become so important, at first counted its 
output not in tons, but in pounds — not in size nor in 
quantity, but in variety and quality. 

(To be continued). 


ON THE ACTION OF LEAD, COPPER, TIN, 
NICKEL, ZINC, AND ALUMINIUM ON WATER. 

By Dr. W. P. JORISSEN, The University, Leiden, Holland, 
(Continued from p, 58). 

4. Dissolved Substances in Water . 

Ip we wish to study the processes which take place with 
the corrosion of metals in contact with air and water as 
found in nature, we have of course to take into account 
the dissolved substances. 

Now, as a rule, we have to deal with several kinds of 
water— rain-water, surface water, subsoil water, deep-well 
water, spring water, river water, sea-water. 

Rain-water often does not differ much from distilled 
water. Again, it often contains a considerable quantity 
of salts, &c. ; for instance, in the neighbourhood of the 
sea and in manufacturing towns. Extensive communica- 
tions about the amount of nitrogen as ammonia and nitric 
acid and of chlorides in the rain-water have been made by 
N. H. J. Miller (Note 16). In the neighbourhood of the 
German Oeean (Helder, Holland) I found an average 
Cl concentration of 32*5 mgrms. per litre (Note 17)— a 
much higher figure than those mentioned by Miller. 
S, Wolff (Note 18) often observed at Newton Heath, near 
Manchester, a considerable hardness, probably caused by 
Hue dust. 

It is a well-known fact that the other kinds of water, 
with the exception of sea-water, contain a number of sub- 
stances in varying quantities and of different lands. Sea- 
water, however, if not in abnormal conditions, contains a 
mixture of salts of constant composition (Note 19), which 
is often given as follows (Note 20) :— 
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CiihMicAi' Nrws 

Heb. 5, 1915 

Solution. 

Iron, 

Z ioc . 

Copper. 

Aluminium. 

Chromic acid 

nr ' TO 

Inhibits. 

o*i per cent inhibits ; x per 
cent acts on the metal. 

Inhibits. 

Inhibits. 

Potassium^dichromate * 

Inhibits. 

Inhibits. 

Inhibits. 

Inhibits. 

Potassium chromate . . 

Inhibits. 

Inhibits. 

Inhibits. 

Inhibits. 

Sodium carbonate . . . 

Inhibits. 

2 per cent inhibits; 1 per 
cent allows some action. 

5 per cent inhibits ; 
stronger solutions 
act on the metal. 

Acts on the metal 
with evolution of 
hydrogen. 

Borax 

Inhibits. 

1 per cent inhibits. 

Inhibits. 

Retards. 

Potassium hydroxide . . 

Inhibits. 

1 per cent inhibits; stronger 
solutions have a direct 
action. 

Allows. 

Acts on the metal 
with evolution of 
hydrogen. 

Potassium iodide. . . . 

Allows. 

Allows. 

-- 

Allows. 

Potassium iodate . . . 

Inhibits. 

Allows. 

Acts on the metal 
producing blacken 
mg. 

Inhibits. 

Potassium bromate . . 

Inhibits (after slight 
initial action). 

Allows (acts on the metal. 

— 


Potassium ferrocyanide 

Inhibits* 

Inhibits, 

Produces film on the 
metal. 

Inhibits. 

Potassium ferricyanide . 

Allows. 

Allows. 

Produces film on the 
metal. 

Allows. 


NaCl 

Per cent. 

. , . . 77758 

MgCl, .. .. 

., .. 10*878 

MgSO.j . . . . 

.. .. 4*737 

CaS 0 4 .. .. 

. . . . 3*600 

K a S 0 4 . . . . 

• » . • 2*463 

MgBr 2 

.. 0*217 

CaCO, .. .. 

.. .. 0*345 


It need hardly be said that it is preferable to represent 
the analytical results as follows (Note ar) 


Na* 

Mg- 

Ca- 

l’;* 


cr 

SCt*” 

HC0 3 ' (and C0 3 ") ■ . 

Br' 


Per cunt. 
30*61 

[ 20 
1*1 T 

55**« 

7 -<>7 
0*21 
0*19 


As not only the above salts, but all those which may be 
formed by the ions, mentioned in the second table, will be 
present. Of course, it is impossible to say anything 
definite about the concentration of the non-ionised mole- 
cules of these salts in so complicated a solution as 
sea-water. 

As regards carbonic acid and carbonates in water the 
following remarks may be made If only free carbonic 
acid is present, we have the equilibria-— 

COa+HaO^HaCO, 


H a C° 3 ^H-+HC0 3 ' 

KCCV ^ H+CO 3 " 
and consequently — 

(H-).(HCOy) - MH*C0 3 ) 

and— 

(H-).(C 0 3 ") - * a .(HC0 3 ') 


1 Ot 


(Hco^r . fa 

[ihooMOOf) fa ’ 
in which the symbols (II*), &c., denote tbo concentration 
of the ions H*,&c., in grm. molecules per litre, and A*i and 
k i the first and second dissociation constants of carbonic 
acids about 3*10-7 (Note 22) and 6*io 11 respectively 
(Note 23). 

If carbonates and hydrocarbonates are also present, 
analogous equilibria exist, arid we again have the 


equation — 


(nco,r 

(Ha COiMCO/*) 


kl 

kz 


5000 


or- 


(CO/') 


(UCOi'b 
5000 (11,00,) 


Hence the quantity of carbonates will be exceedingly 
small if free carbonic acid is present. 

This equation will he used in this report especially in the 
case of the corrosion of lead. 

There, as in other cases, I shall have occasion to refer 
to the specific influence of a number of other substances or 
I their ions on the corrosion of metals. Here attention will 
only be drawn to the fact that those ions which show no 
specific action may yet accelerate corrosion processes if 
attributable to “ galvanic actions.” For they increase the 
conductivity of the water, and in this way the strength of 
the electric current. 


I 5. Passivity of Metals, 

* Yet another phenomenon caused by a number of sub 
, stances and annihilated by others claim our attention, viz., 
the passivity shown by several metals under certain 
circumstances, 

First of all from a paper by W. R. Dunstan and J. R. 
Hill on the aBrial oxidation of metals (Note 24) a table 
summarising the results of their experiments on the effect 
of various solutions on the oxidation of iron, zinc, copper, 
and aluminium is here reproduced. (Magnesium has 
been omilted by me). 
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Now, all the substances mentioned m this table which 
inhibit the rusting of iron also render it passive (Note 25), 

Before speaking about the other metals in this table, it 
is perhaps better to tell how the passivity is tested. 

As testing liquids Dunstan and Hill make use of distilled 
water (observing whether rusting occurs), a solution of 
nitric acid of specific gravity (1*2) or a dilute solution of 
copper sulphate (0*5 per cent). In applying these testb 
some precautions have to be made. A hole is previously 
bored in the sheet of metal ; a very thin glass rod, bent 
into a hook at one end, is inserted in the hole. In this 
way it is possible to lift the metal sheet from the solution 
which has made it passive or not (after, sav, twelve hours’ 
immersion), wash it with distilled water without touching 
it with the hands or shaking it too violently, and immerse 
it in the testing liquid, whereupon the rod is removed. Or 
a simpler method may be used, which consists in pouring 
ofl the solution, rinsing out the vessel several times with 
distilled water, quickly pouring the testing liquid over the 
metal so as to completely cover it. All this should be 
done as rapidly as possible, without unduly shaking the 
metal. 

Dunstan and Hill (Note 26) found that zinc is rendered 
passive by a 1 per cent solution of potassium dichromate, 
by solutions of chromic acid between o*oi and o’l per 
cent, by a x per cent solution of potassium chromate, but 
not so completely as Is done by potassium dichromate. 
Two per cent solutions of sodium carbonate and of borax 
also render zinc partly passive. Copper is rendered passive 
by solutions of chromic acid, potassium dichromate, and 
chromate. About a possible passivity of aluminium 
nothing is said by Dunstan and Hill, They incidentally 
mention that lead appears to behave similarly to copper 
and zinc. 

From their experiments the conclusion may be drawn 
that the agents which prevent rusting render the metal 
passive. 

This report is not the place to discuss the theories 
(Note 27) which have been put forward to explain the 
passive state of metalb (especially of iron) ; Dunstan and 
Hill conclude that it is aue to the presence of a Aim of 
oxide, which is also the opinion of several other invest! 
gators (Note 28). 

It only remains to tell how passivity is destroyed. With 
iron this has been studied extensively. Touching with 
the fingers, violently shaking against the sides of the 
vessel, scratching ot the surface, touching with zinc or 
active iron when immersed in copper sulphate solution or 
in nitric acid (sp. gr, x *2) destroy its passive state. The 
same result is brought about by dilute sulphuric acid, 
hydrochloric acid, acetic acid, carbonic acid, solutions of 
sodium chloride, &c. 

Passive zinc is vivified by scratching. Salt solutions 
and carbonic acid do not act 30 readily. Zinc loses largely 
its passivity on washing with alcohol and drying. Dilute 
sulphuric acid, hydrochloric acid, a solution of ferrous 
sulphate, for instance, destroy the passivity of copper ; 
washing in alcohol has the same effect. 

A special kind of passivity still claims our attention, 
viz., that caused by absolute purity. 

B. Lambert and J. C. Thomson (Note 29), who have 
prepared the purest iron which has been made until now by 
taking every precaution against contamination, observed 
that this metal was not corroded by pure air (totally free 
from carbonic acid) and pure water even in the course of 
two years (Note 30)* Under quite the same circum 
stances Lambert (Note 31) observed corrosion when using 
strips of commercial pure electrolytic iron, pure iron 01 
Kahlbaum, or a cylinder made from a soft iron nail. All 
three had been polished by fine carborundum powder and 
Swedish filter paper. 

When the pure iron prepared by Lambert and Thomson 
was partly pressed by an agate in an agate mortar, it 
soon corroded on the pressed places. The metal when 
thus treated seems to lose its complete uniformity of 
surface* 


6. Influence of Stress . 

That a different treatment ot different parts of a metal 
object may cause an acceleration of corrosion is well 
known. As regards the galvanic activity exhibited between 
strained and unstrained pieces of the same iron, the ob- 
servations of Andrews, Hambuchen, Richard, and Behr, 
and Heyn and Bauer (Note 32) may be mentioned. In 
most cases the strained iron has been found to be more 
liable to corrode. The difference of potential between the 
strained and unstrained piece is very small, however, and 
local circumstances appear to be apt to reverse the direc- 
tion of the current. W. Spring (Note 33) took two 
wires of the same metal (tin, lead, bismuth), and heated 
one of them to a temperature below but near its melting 
point. The heated wires thus lost their strain and returned 
to their normal condition. By immersing the strained 
wire and the normal one in a solution of one of the salts 
of the metal, he found a small difference of potential 
which did not exist beforehand. In the case of tin and 
lead wires (placed in stannous chloride and lead nitrate 
solutions respectively) the strained wires were found to be 
the dissolving electrodes (anodes) ; bismuth, however, 
showed an opposite tendency. 

Now, Ernst Cohen (Note 34) has studied some interest- 
ing cases of nucleus action on grain growth in metals. 
Thus tin, when dulled in some way, will inoculate bright 
cold-worked tin with similar dulness. 

In the case of cold-rolled lead, where grain growth has 
been first observed by J. A. Ewing and W. Rosenhain, the 
process is, according to H. Baucke’s experiments 
(Note 35), accelerated considerably by dilute acetic acid, 
a galvanic cell Pb (strain ed)-el**ctrolyte-Pb (normal) being 
obtained. Now this cold-rolled lead, and also lead tubes, 
often show corrosion when in contact with electrolytes, 
of which Baucke mentions a few cases. Micrographic 
observation showed that grain growth had taken place. 
The corrosion bad penetrated between the large crystals. 

Observations about the internal stresses of cold-worked 
metals have been made by E. Heyn and O. Bauer 
(Note 36). With a cold-rolled rod, for instance, the outer 
layer is in a state of tension, while the inner core is in a 
state of compression. In consequence of these stresses 
cracking of aluminium vessels through corrosion has been 
observed (Note 37), 

7. Influence of Surface . 

The few remarks made above will have fixed the atten- 
tion on the influence of the surface of a metal on its 
corrosion. 

The possible influence of fine or coarse crystallisation, 
polish, unevenness of surface, porosity, laminations, im- 
purities, adsorption and occlusion of gases and liquids, 
&c., may be mentioned. 

That an increase of surface had an accelerating influ- 
ence is a well-known fact. 

Again, an excessive pulverisation of the metal may 
change the aspect of the corrosion process. Thus, iron 
powder liberates hydrogen from water even at ordinary 
temperatures (Note 38). To what extent impurities play 
a part in this process has not been definitely settled. Iron 
oxide, formed beforehand by exposing the iron powder to 
the air, seems to accelerate the reaction (Note 39). 

8. Galvanic Action . 

About the galvanic action exhibited between a meta 
and its impurities something has already been remarked 
with regard to zinc. With iron many observations have 
been made (Note 40). Irregularity of composition or 
heterogeneity and surface impurities may easily give rfee 
to galvanic actions. The local actions which take place 
appear in patches of rust and pitting. 

That galvanic action may be observed between pieces 
of different kinds of iron when immersed in water need 
hardly be mentioned (Note 41), still less that it occurs 
between pieces of different metals (Note 42). 

About the change which the J 2 .M.F. undergoes here in 
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the course of time very little is known. About the 
chemical processes which take place hardly anything has 
been published* My own experiments in this direction are 
not in a sufficiently advanced state to be described here. 

It is evident that having to deal with the galvanic action 
between different metals the series of electro chemical 
potentials is not the only thing to be consulted, but the 
overvoltage has equally to be taken into account. For 
instance, it would be deducted from the said series that 
tin is worse than iron for accelerating tbe corrosion of zinc ; 
the correction for overvoltage shows, however, that it is 
far less harmful. 

Everybody knows that the corrosion of a metal when 
immersed in an electrolyte can be lessened or prevented 
by connecting it with another metal higher in the above 
series, and may be accelerated by connecting it with a 
lower-placed one. In practice many cases are met with 
(Note 43). Of course it is also possible to accelerate or 
prevent the corrosion by making the metal respectively the 
anode or cathode of an electrolytic cell. This direct use 
of electric currents has been the basis of a number of 
patents for the protection of boilers and condensers, for it 
is more economical and seems to be more effective than 
tbe connection with a * 1 more electro-positive ” metal 
(Note 44). 

After the above general remarks the six metals named 
in the heading of this report will be treated separately. 
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Papers were read as follows : — 

“ Atmospheric Electricity Potential Gradient at Kew 
Observatory, 1898 -1912.” By Dr. C. Chrbe, F.R.S. 

A previous paper discussed results obtained from the 
Kelvin water-dropping electrograph at Kew Observatory 
for tbe period 1898 to X904. The present paper discusses 
the data from the fifteen years 1898 to xgxs. 

In 1909 a number of experiments were made which led 
to improvements in the apparatus for determining absolute 
values of potential gradient and in the methods employed. 
This has led to a reconsideration of the absolute values 
obtained with the old apparatus in earlier years. 

Particular attention is given to the character of the 
diurnal variation, as to how it varies throughout the year, 
and as to the nature of the differences apparent between 
different years. The predominance of the xa-hour term 
over the 24*hour term in the diurnal variation, which is 
especially conspicuous in summer, is found to vary greatly 
from year to year. The X2*hour term shows tess fluctua- 
tions dither in amplitude or phase than the 24-hour term. 

A comparison is made between the results obtained at 
Kew in 19x2 and those obtained during the same year at 
Edinburgh by Messrs. Carse and Shearer. 

“ The Transmission of Electric Waves over the Surface 
of the Earth .” By Prof. A. E. IX. Lovn, F.R.S. 

An analytical solution of the general equations of 
electrodynamics is obtained for tbe case of waves gene- 
rated by a vibrating doublet in presence of a conducting 
sphere, and is adapted to obtain tbe known solution for 
perfect conduction, and the correction for moderate resist- 
ance, such as that of sea-water. The known solution is 
expressed by the sum of a series involving zonal har- 
monics, and the correction by a similar series. Different 
results have been obtained by different writers who have 
investigated the numerical value of the former sum. In tbe 
paper a new method of summing the series is explained 
and worked out in detail for the wave-length 5 km. In 
the case of perfect conduction the result confirms that 
found by II. M. Macdonald, Proc. Roy . Soc., A, 1914, 
xc., 50. The eliect of resistance is found to be a slight 
increase of the strength of the signals at considerable 
distances, counteracting to some small extent the en- 
feebling effect of the curvature of the surface. A com- 
parison is instituted between the results of the theory and 
those of recorded experiments. From these it had pre- 
viously been inferred that the diffraction theory fails to 
account for the facts ; but, after a discussion of the ex- 
perimental evidence, it appears that the observations may 
admit of a different interpretation, according to which the 
results of the diffraction theory would be in good agree- 
ment with those of daylight observations at great 
distances. 

“ Electromagnetic Waves in a Perfectly Conducting 
Tube," By I., Stlberstbin, 

The problem of waves in conducting tubes, which has 
already been treated by various authors, is here taken up 
with the purpose of developing some of its solutions which 
offer noteworthy peculiarities with respect to the velocity 
of the corresponding waves. The waves investigated are 
axially symmetrical and of permanent type. Their velocity 
of transfer along the tube is a comparatively simple func- 
tion of the period of vibration and of the « order ” of 
waves, and it exceeds, for each of these waves, the velocity 
of light in free space. The peculiarities of distribution of 
the lines of force are illustrated by two examples with 
annexed drawings. The paper closes with remarks con* 
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cerning superpositions of waves of the specified kind, mote 
especially of electromagnetic pulses. 

“Att Electrically Heated Full Radiator S' By H. B. 
Keene. 

The essential conditions in a determination of the con- 
stant of the Stefan-Boltzmann law of radiation are, either 
that both M emitter ” and " receiver” are full radiators, or 
that the amount by which they fall short of full radiators 
is known— an amount difficult to determine with certainty. 
Hitherto, a measurement of this constant has not been 
made under full radiation conditions. 

This paper describes an electrically heated “ constant 
temperature enclosure" which has been constructed for 
temperatures in the neighbourhood of xxoo° C. It consists 
of a hollow cylinder of alumina, about 8 inches in 
diameter, closed with conical end pieces of the same 
material. Three separate windings of platinum strip pro- 
vide a means of adjusting the temperature distribution 
within the enclosure, which can be made uniform to 
within two or three degrees. At the apex of one of the 
cones is a circular aperture which emits radiation closely 
approximating to full radiation. 

It is intended to use this radiator in conjunction with a 
full receiver, described in an earlier paper, m order to 
determine the va’ue of the radiation constant under « black 
body ” conditions. 


NOTICES OF BOOKS. 


The Spectroscopy of the Extreme Ultra - violet . By 

Theodore Lyman, Ph.D., Assistant Professor of 
Physics at Harvard University. London : Longmans, 
Green, and Co. 

Although the title of the above work refers to the 
extreme ultra-violet, in point of fact the author deals with 
the spectrum from the most refrangible recorded radiation 
down to the visible violet at A 4000. 

Spectroscopy in itself is naturally a fascinating science, 
and the interest deepens as we approach the limit that can 
be recorded upon the photographic plate. In this region 
photoelectric, photochemical, bactericidal, aud ionisation 
effects are at a maximum ; but perhaps the greatest 
interest in the rays of short wave-length is through their 
bearing upon the recent discovery that X-rays are due to 
radiations of the same character differing only in their 
extreme shortness of about one Angstrom unit. Between 
this value and that of the shortest recorded luminous 
radiation of 905 Angstrdm unit lies a gap of unexplored 
ground that may be responsible for “many things." 

The exploration of this region is at the present moment 
proceeding in both directions, from the X-rays towards 
radiations of greater wave-length, and from the ultra- 
violet or Schumann rays. 

The book ia an account of research in this latter direc- 
tion undertaken at the Harvard University. 

The author has not only given a concise review of the 
literature of the subject, but he has also recorded with it a 
large amount of valuable data and technical detail that 
has been obtained in the research. 

Part I. contains only two Chapters ; the first is devoted 
to photometry and the three chief methods for estimating 
the intensity of radiation, the photographic plate, the 
photoelectric cell, and the bolometer and radiomicrometer. 
The second chapter deals with the absorption of solids 
and gases for the ultra-violet, and a deal of very useful 
information is given. Fused quartz has been found to be 
less transparent than plates of the crystalline variety 
when cut perpendicular to the axis ; the absorption by air 
begins to show itself in the region on the more refrangible 
side of A 2000 ; the active agent is probably oxygen. 
Part I. concludes with a short discussion on the reflecting 
power of metals. 


ZL 

Part II., which is the main portion of the book, opens a 
biography of the late Victor Schumann, whose extra- 
ordinary mechanical ability enabled him to construct 
apparatus by which he succeeded in extending our know- 
ledge of the hydrogen spectrum to about A 1200 ; full 
details are then given of the construction of vacuum 
spectroscopes at Harvard and of experiments carried out 
with them ; this practically occupies the remainder of the 
book, and includes the Absorption of Solids, Emission 
Spectra of Gases, Emission Spectra of Solids, and con- 
cludes with a discussion upon the limit of the spectrum. 
At the end of the book extensive tables are given of the 
wave-lengths of lines in the spectra of hydrogen, nitrogen, 
argon, carbon monoxide, &c., and many of the metallic 
elements. The book ends with a valuable bibliography of 
citations that occur in the text and a short appendix 
giving notes of photographic emulsions and developers. 


The Chemistry of Cyanogen Compounds . By Herbert 
E. Williams. London : J. and A. Churchill. 1915. 
Although the technology of the derivatives of cyanogen 
has been made the subject of several text-books in 
recent years, the chemistry of these compounds has not 
been exhaustively discussed in any treatise, and this 
volume, in which special attention is paid to the purely 
scientific aspects of their production and properties, will 
be welcomed by those interested m the use of them. The 
abundant literature of the subject has been carefully 
searched, and some of the results of the author’s own 
work, not hitherto published, are described. A short 
account is also given of the manufacture, application, and 
estimation of the compounds. As a compilation the book 
appears satisfactory, and the author may be congratulated 
upon having successfully performed a tedious and some- 
what difficult task, 


The British Journal Photographic Almanac , 19x5. Fifty- 
fourth issue). Edited by George E. Brown, F.I.C. 
1068 pages. Crown 8vo. London : Henry Greenwood 
and Co., Ltd. 

The « British Journal Photographic Almanac ” is an 
annual publication which by its very size and price attracts 
the purchaser. The fifty-fourth annual volume, just 
issued, for 1915 contains the customary guide to the 
photographic processes from the making of the negative 
to the printing or enlargement by the many methods now 
available to the amateur. The editor’s article deals fully 
with the making of enlargements, whilst Dr. Duncan J. 
Reid writes most explicity on “ Photography under the 
Microscope." Both subjects are fully illustrated. The 
descriptions of new introductions in cameras, lenses, &c., 
are a further useful section, whilst under the heading 
“ Epitome of Progress " over 100 pages are devoted to 
recording the hints, formulae, and methods advocated by 
practical workers during the paBt twelve months. Separate 
indexes — to the text and to the endless goods advertised — 
are provided, and efficiently refer the reader to the place 
of every item of information in the bulky volume. 


Intermediate Practical Chemistry . By Frederick 

William Atack, M.Sc.Tech* (Manchester), B.Sc. 

(London). London : Sherratt ana Hughes. 

Students who intend to proceed to an Honours degree 
will find this book a useful laboratory guide. Some 
elementary work, including easy preparations of the non- 
metals and their compounds, is first described, and the 
usual qualitative analytical processes follow ; while this 
section exhibits no special novelty, the tables In it are very 
clear and the directions concise. Methods of investigating 
the sensitiveness of different tests are added, and the 
identification of compounds of the rarer elements is in- 
cluded. In a chapter on quantitative analysis the general 
principles of volumetric work are described* and the details 
of some straightforward applications of them are given. 
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The Farmer as a Manufacturer . By A. T, S 1 u \rt, IS. A. 
Dominion of Canada : Department of Agriculture, Ex- 
perimental Farms. 

This pamphlet contains an outline of the principles of 
agricultural chemistry expressed in very simple and non- 
technical language, so that they can easily be grasped by 
the unscientific reader. It is graphically written, and the 
author shows considerable skill in putting the information 
into the form which is most likely to make an impression 
upon the practical man’s mind. The requirements of man 
in the way of food and clothing are first discussed, and the 
work of plants in providing materials to supply these 
wants is sketched. The chemistry and physics of dif- 
ferent kinds of soils and methods of maintaining their 
fertility are then considered, and finally the compositions of 
important feeding stuffs and foods are tabulated. The 
farmer will be able to get by the study of the pamphlet 
a clear idea of the way in which he should use the natural 
raw materials to obtain the best and most profitable yield 
of protein, fats, and carbohydrates. 


Report oj the Dominion Chemistry , Experimental Farms , 
Department oj Agriculture . Ottawa : Government 

Printing Bureau, igtt. 

This report describes the chemical research work of the 
staff of the Dominion Experimental Farms during the 
year ending March, 1913, and also gives the results of the 
routine work which has been done for the assistance of 
farmers who have submitted samples for analysis. The 
information and advice given to the practical man are- 
much appreciated, and the amount of work done is 
steadily increasing year by year. The tables of results of 
analyses and the comments and bints based upon them 
will be of use to farmer* in other countries than Canada. 
The research work done during the year included the con- 
tinuation of the investigations of the conservation of soil 
moisture, the influence of environment on the composition 
of wheat, and the cultivation of the sugar-beet for factory 
purposes. 


Australia's Trade with Germany. Published under the 
Authority of the High Commissioner for the Common- 
wealth of Australia, 72, Victoria Street, London. 

This pamphlet contains a reprint of the High Commis- 
sioner's letter to the Times on the subject of Australia's 
trade with Germany, and an article in which special 
emphasis is laid upon the sale of copper and lead and con- 
centrates to Germany. Summaries are given of exports 
and imports between the two countries, as well as detailed 
tables, and also very full lists of the exporters of Aus- 
tralia’s principal products. Further information may be 
obtained from the High Commissioner, and information 
relating to the individual States from the various Agents- 
General in London. A study of the pamphlet will speedily 
convince the British merchant that there can never be a 
better chance than at present of capturing German trade 
by capturing Australia’s raw materials. 


The Constitution of the Natural Silicates. By Frank 
W iGGLiiswoRTii Olauku. Washington : Government 
Printing Office. 1914. 

In this bulletin the author describes in detail the work 
which has been done on the elucidation of the problem of 
the nature and structure of the natural silicates. The 
determination of their empirical formula? is first described, 
followed by the investigation of their physical properties 
and the natural alterations they undergo. The results 
which have been obtained in the artificial synthesis of 
the silicates are then described, and from all the data thus 
accumulated the constitutioual formulae are finally 
deduced. Only brief allusion is made to the hexite pentite 
theory, but the monograph is, on the whole, complete in 
detail, and the subject is treated systematically and with 
great lucidity. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comftes Rendus Ilebdomadaires des Stances de VAcadhnie 
des Sciences, Vol. clix., No. 24, December 14, 1914, 
No. 25, December 21, 1914. 

These numbers contain no chemical matter. 

No. 26, December 28, 1914. 

Influence of Gaseous Impurities in Silver upon 
the Values of Atomic Weights Determined by 
Classical Methods.— Ph. A. Guye and F. E. E. 
Germann.— The authors’ researches show that owing to 
the gases retained by silver the value given by classical 
methods for the atomic weight of chlorine must be 
corrected, being replaced by a rather higher number. 
The atomic weight of silver itself, and those of metals or 
metalloids determined by the ratio to a halogen salt, must 
also be modified. 

Determination of Iodine Indices in Alcoholic 
Liquids. — R, Marcille.— When iodine indices are deter- 
mined in alcoholic liquids by Hiibl’s method the volume of 
solution employed must be the same, and at the same 
temperature in all the experiments ; for example, too cc. 
at 50”. The chloro-iodomercuric solution (30 cc.) must be 
added in a dark room, And the flasks must be kept in the 
dark during the contact. 


MISCE LLAN EOUS. 

The Biochemical Society.— It has been decided to 
postpone the Meeting of the Society arranged to be held 
in Leeds on February 13, 1915, until circumstances are 
more favourable. The next meeting will be the Annual 
General Meeting, at St. Bartholomew’s Hospital, on 
Thursday, March n, 1915. 

Royal Institution,— A General Meeting of the Mem 
bers of the Royal Institution was held on the ist inst., the 
Duke of Northumberland, K.G., President, in the chair. The 
special thanks of the members were returned to Dr. II. D. 
Rolleston for his generous gift, in the name of Miss Davy 
(niece of Sir Humphry Davy), of a bust of Sir Humphry 
Davy, executed in 1822 by Samuel Joseph. The bust was 
presented to the Institution on behalf of Dr. Rolleston by 
Prof. Sir James Dewar, after his Friday evening discourse 
on January 22, and accepted by the Treasurer on behalf 
of the members. 

MEETINGS FORJTHE WEEK. 

Tuesday, gth.— Royal Institution, 3 “Muscle in the Rcrvico 0 i 
Nerve," by Prof 0 . S. Sherrington, F.R.K. 

W ruNiisoAV, 10th.— Royal Society of Arts, H. " British Lithography 
in ign,” by F, Vincent Brooks. 

TmiRhUAY, nth. Royal Institution, 3. “.Zoological Studies --War 
and Evolution, Nations as Species,” by P. 
Chalmers Mitchell, F.R.K. 

— Royal Society of Arts, 430, “Ttibot»'of the 

Brahmaputra Valley,” byCapt. Sir George Dull 
Dunbar, Bart, 

Royal Society, "Lefru lostrnlm KuitutKim't*, 

foimorly Le^uUntums l luhm (Scott and 
Jcllrey) " (a Correction), by I). II. Kcotl. “ Thu 
hvutatory Piocoss in the Dog* , Heait Part II , 
The Ventricles,” by T. Lewis and M, A, Koth,* 
child. “ Variation in the Growth oi Mammalian 
Tissue tit vitw according to the Age oi tho 
Animal,” by A J Walton, 

Friday, 13th. ~ Royal Institution, 9. “Recent Advance, in Oeoann 
graphy, ’ by William S. Bruce, F R.S.li. 

Alchemical, 8,15. “ Alchemy and the Des II,” by The 

Ven. Archdeacon Craven, D.D. 

Physical, 8. “Criterion of Steel Suitable for Per- 
manent Magnets,” by S. P. Thorap >on, “ Galvanic 
Coll which Reverses its Polarity when Illuminated,” 
by A. A, C. Swinton. “ Investigation on the Plioto- 

S raphic EUect of Recoil Atoms,” by A B. Wood ,u»d 
.. I. Steven. 

Saii Kim*, 1 ,tli. — Royal Institution, V “Emergency Mush,” by 
II, Walford Davies, Mu., Doe. (fllustiatul by a 
small Choii), 
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THE COMMERCIAL CLASSIFICATION OF 
REFINED COPPER.* 

By LAWRENCE ADDICKS. 

Any adequate classification of a material of commerce 
such as copper must take into account both the limitations 
of the metallurgical processes by which the material has 
been obtained and the needs of the manufacturing pro- 
cesses in which it is to be employed. The metallurgical 
methods depend in turn upon the nature of the ores or 
other sources of supply, ana the manufacturing ones upon 
the ultimate uses of the finished product. 

The world’s copper supply comes from four main 
sources, sulphide ores, oxidised ores, native ores, and 
scrap. Perhaps the chief chemical characteristic of copper 
is its affinity for sulphur, and the largest deposits of copper 
ores consist of more or less complex sulphides. Near the 
surface these ores are frequently altered to oxides and 
carbonates by atmospheric influence, and there are also 
large deposits entirely free from sulphur. Native copper 
ores where the capper exists as free metal occur in various 
parts of the world in small quantities, but notably in the 
enormous deposits in the northern peninsula of Michigan, 
where they form the source of the so-called Lake Copper, 

Metallurgical^ there are three typical processes for pro- 
ducing crude or unrefined copper from the ore, based on 
thejgeneral principles of oxidising sulphides and reducing 
Oxides, {a) roasting, smelting, and converting, (6) alternate 
oxidation and reduction, and (tf) direct reduction of 
oxidised ores, (a), which is a strongly oxidising process 
by which the great majority of the American production is 
made from sulphide ores, results in the almost complete 
elimination of impurities which have volatile oxides, in- 
cluding some of the worst enemies of refined copper, such 
as arsenic. Converter bar nearly always runs 99 per cent 
copper plus silver, and is not likely to carry more than a 
few hundredths of a per cent of any impurity but nickel. 
(b) is the old Welsh process, still used to some extent 
abroad, based upon the reaction between copper oxides 
and sulphides to eliminate sulphur as sulphur dioxide gas, 
and carried out in a long series of roasts and fusions in 
reverberatory furnaces. The removal of imparities is here 
imperfect, although they may be to a certain extent 
segregated in a portion of the product, when the origin of 
the “ best selected ” copper of Great Britain. When the 
ores are wholly oxidised the copper may be recovered by 
direct reduction in a blast furnace (c), and as this is 
a strictly reducing process the resulting black copper 
seldom runs over 96 per cent, due to iron and other im- 
purities reduced. Except in the case of “ best selected ” 
and similar English coppers all of the products from the 
foregoing processes are given a further treatment or 
refining which may be broadly divided into furnace or 
fire refining and electrolytic refining. 

Fire refining is ‘based upon the scorifying effect of 
cuprous oxide upon base metals contained in a hath of 
molten copper. The crude copper is melted in a 
reverberatory furnace, and air blown into the bath. 
Cuprous oxide rapidly forms and dissolves in the bath, the 
blowing being stopped at or before the saturation point. 
In this way oxygen is carried to all parts of the molten 
bath, and when there are any metals present which are more 
easily oxidised than copper, cuprous oxide is reduced back 
to copper, and the oxide of the impurity is formed. If 

* Paper presented at the Annual Meeting of tbe American Institute 
of Metals, Sept. 7 to xx, 19x4, at Chicago, 111 . From the Chemical 
Engineer, xx., No, 5. 
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this oxide is not soluble in tbe molten copper it will float 
to the surface, where it may be removed by skimming. As 
copper stands high among metals m the order of nobility 
the metallic impurities with the exception of the ptecions 
metals may be readily removed m theory. In practice 
while elimination proceeds rapidly while considerable 
quantities of impurities are present, the rate diminishes 
until traces are reached which cannot be slagged ofi with 
any reasonable amount of scorifying. Therefore furnace 
refining is limited m its application to relatively pure 
crude copper unless a low grade refined copper is con- 
templated. Le&9 than 10 dols. worth of silver and gold 
per ton will justify electrolytic refining. 

Returning to the bath of molten copper which has been 
skimmed clean, it is necessary to reduce the excess cuprous 
oxide dissolved, and no better way has yet been devised 
than the old Welsh process of covering the bath with a 
protecting layer of charcoal or low sulphur coke, and then 
forcing the butts of green trees or poles of hard wood 
beneath the surface by means of suitable tackle. The 
cuprous oxide is reduced in this way until a normal 
amount corresponding to an oxygen content of from 0*04 
to o 07 per cent is left when the copper develops its best 
physical characteristics, the condition of the copper being 
followed by the appearance of the fracture of small 
buttons cast in a spoon or “ say ladle ” which is a sort of 
ductility teBt, and by the swell or depression of the 
surface of an ingot as it cools, which indicates the gas 
content. The copper is then cast by means of one of the 
several types of ladling machines which have been very 
successfully developed m recent years. 

When the copper is to be eiectrolytically refined it is 
first given a rough furnace refining and cast into anode 
pistes, which are then electrolysed in a strongly acid 
solution of copper sulphate. The same order of nobility 
applies, but the great preponderance of copper over the 
impurities is now an aid as it assists the selective action of 
the current in depositing only copper at the cathode. 
Silver and gold are also saved as they are insoluble in the 
electrolyte chosen, and fall to the bottom of the tank as 
anode mud or slimes to be separately refined and parted. 
It is quite evident that copper entering an electrolytic 
refinery must entirely lose its identity, and that the purity 
of the resulting cathode copper will defend upon the con- 
ditions under which electrolysis is carried out rather than 
upon the momentary quality of the day’s anodes. There- 
fore it is not necessary to consider whether the input be 
converter bar, black capper, or Lake mineral when buying 
electrolytic, but simply whether the product meets the 
accepted standards of quality for electrolytic copper. 

Electrolytic cathodes should be very pure. They 
generally run about 99*95 per cent copper, much of the 
missing 0*05 per cent piobably being hydrogen. Tbe 
metallic impurities generally total about 0*02 per cent. 
Except for the fact that individual cathodes may vary more 
or less in impurity content they are ideal material for brass 
making. Copper producers, however, have never en- 
couraged the sale of cathodes, as there is apt to be some 
shrinkage in weight during shipment owing to the com- 
parative ease with which nodules or small pieces can be 
detached either accidentally or intentionally. Also cathode 
shipments unbalance the work in a refinery in proportion 
to their magnitude, as melting cathodes into market 
shapes is a distinct part of the process. 

This melting is done in a reverberatory furnace, and 
originally was an exact duplication of the fire refining 
already described. As the cathode copper is already pure, 
a simple melting is all that should be required, but molten 
copper is 10 susceptible to contamination that until 
recently the gases from combustion, iron in the rabbles, 
&c>, were absorbed to a sufficient extent to require actual 
refining. At tbe present time large quantities of cathodes 
are being added to the molten charge during ladling and 
earlier, basic furnaces are being substituted for acid ones, 
thereby suppressing slag formation, and attention is being 
paid to keeping coal ashes from blowing over from the 
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firebox, to that a true meltiag without refining is being 
approached. «... 

it is well known that cathode copper when drawn into wire 
will show an electrical conductivity some a per cent higher 
than the same copper after a subsequent fire refining. 
This is probably due partly to the tact that chemical 
impurities in the cathode are chiefly present as a mechanical 
mixture due to adherence of anode slimes which are dis- 
solved in the copper when melted, making a high 
resistance matrix around the copper crystals when the 
metal is cast and cooled, and partly to contamination 
during melting. It seems probable that the conductivity 
of perfectly pure soft copper is in the neighbourhood 0/ 
103 per cent of the Matthiessen standard m common use. 

Lake ores are low grade native copper deposits, which 
are mechanically concentrated to an 85 per cent mineral. 
This is melted, and, after skimming off the slag formed 
by the remaining gangue, is given a fire refining as pre- 
viously described. The Michigan mines are among the 
oldest, largest, and deepest in the world. Thirty years 
ago Lake copper was the standard of the industry. The 
surface ores were remaikably free from objectionable im- 
purities, and copper of the highest conductivity was readily 
produced. The first electrolytic copper to come on the 
market was of irregular character due to lack of familiarity 
with the principles of this new process, and for a consider- 
able time Lake copper was deservedly considered superior. 
With increasing depth, however, many of the mines 
showed increasing quantities of arsenic, and, indeed, all 
Lake copper may be considered as arsenical copper, 
although in some brands the arsenic is very low. The 
result was that electrolytic copper began to take pre- 
cedence tor electrical work, as us conductivity could be 
absolutely depended upon, and Lake began to fall back 
upon superior ** working” qualities, a term which defied 
exact definition. 

It is now generally admitted that high conductivity Lake 
copper cannot be distinguished from electrolytic copper, 
while low conductivity Lake is really an alloy of copper 
with arsenic which has certain desirable properties for 
special uses. Nearly all the elements which markedly 
depress the conductivity when alloyed with copper are 
helpful in developing desirable mechanical properties *, for 
example, phosphorus, aluminium, and silica. High arsenical 
copper running about 0*4 per cent arsenic has now a 
special market for making firebox plates in Germany, and 
nses are beginning to be found for the intermediate 
grades. One of the Urge Lake companies maintains its 
own electrolytic refinery, and in this way recovers a small 
amount of silver, and eliminates the arsenic, the product 
still being classed on the market as Lake, although it is 
equally electrolytic. The old prejudice in favour ol Lake 
on general principles has now largely died out, but only 
with the contemporaneous retirement oi the older genera- 
tion of wire mill managers. Lake copper should be 
clearly graded by arsenic contents into a series of alloy 
coppers, the class at one end competing with electrolytic 
on its own ground, and the other classes sold in competi- 
tion with arsenical copper from other sources, a field 
which has only lately been properly appreciated. 

The last class of copper produced which we have to 
consider is that generally known as casting copper, a very 
loose term covering a multitude of sins. There are three 
main sources of casting copper ; — (a) From converter bar 
or black copper from smelters whose ore supply carries 
quantities of silver and gold insufficient to pay for refining, 
(0) by-product copper not up to standard electrolytic grade 
occasionally produced by refineries, and (c) the result of 
smelting scrap reclaimed from all sorts of new and old 
work. The first is often of excellent quality, one well- 
known brand being maintained at gg*8o per cent Cu or 
better, and is generally comparable with English best 
selected. The second class is generally an arsenical 
copper, and is not now often seen as the refineries are 
nowadays able to eliminate arsenic from the process in 
other ways. The third class is generally foul, but often 


suitable for common castings as the impurities help the 
founding, pure copper being a difficult metal to handle in 
a foundry. The copper contents may run below 99 per 
cent Cu however. 

Specifications for Lake and electrolytic copper may be 
readily drawn, and after a thorough investigation the 
American Society for Testing Materials has issued a set 
which should be generally accepted by engineers, as it has 
already been by the large refineries and wire mills. 
Casting copper presents a specification problem hopeless 
of solution at the present time, as there are well-known 
brands in the market with the widest imaginable range of 
impurities, all of which are being kept consistently within 
a certain range of quality for each individual brand, and 
which find a market for various special uses. About the 
one thing that can be said of casting copper is that neither 
a conductivity nor a ductility test is applicable in the 
nature of things. 

Turning now to the uses for copper, they may be 
broadly classified as follows : — (a) Wire and other shapes 
for electrical purposes; ( b ) sheets and plates for non- 
electrical uses ; (c) copper castings, generally for electrical 
use ; (d) in alloys such as brass and bronze ; (a) special 
purposes for which small quantities of alloyed impurities 
may be advantageous. 

Electrical use immediately imposes a conductivity 
requirement which rules out everything but electrolytic 
and high conductivity Lake, which, as before stated, are 
practically identical coppers. Most of the electrolytic) 
refineries figure on averaging about xoo-o per cent soft in 
the electrical conductivity of their outputs. Occasional 
lots may reach nearly to xox*o per cent, and some may 
approach gg*o per cent, while 98*5 per cent is the usual 
rejection limit, but it is very unusual for a refinery 10 ship 
anything for electrical use which ib below 99*0 per cent. 
No distinction is made between cakes, wire bars, and 
ingots, more than one Bhape often being cast from a 
single furnace charge, so that there is nothing to be gained 
oy ordering wire bars and then cutting them up when 
ingots are desired. Unless electrical use is specified it is 
customary to allow an additional leeway of x per cent in 
conductivity to the refiner, but he rarely needs this, and 
prefers to maintain the higher standard, as copper is often 
re-sold several times before it comes into the hands of 
the actual user. As copper from a single furnace 
charge will carry practically uniform chemical impurities, 
shipments on an individual order should be filled from as 
few furnace charges as possible, and all wire bars and 
cakes should be stamped with marks identifying these 
charges. The refiner will always consider complaints on 
a furnace charge basis if they are of a chemical nature. If 
they are indefinite he will generally investigate what other 
customers received copper from the charge complained of, 
and in the absence of other complaints will demand a bill 
of particulars before giving the matter serious considera- 
tion* The conductivity or a furnace charge is generally 
determined at the refinery several times while the charge 
is being cast, and this precaution together with the ample 
margin above rejection limits which is maintained have 
practically abolished conductivity complaints. 

When copper is not to be put to an electrical use con- 
ductivity is of no special value except as a certificate of the 
absence of more than a trace of a certain class of impurities. 
The refiner divides impurities into three classes; those 
that depress conductivity, such as arsenic and antimony ; 
those that impair ductility, such as lead, tellurium, and 
bismuth ; and those which are of value if reclaimed, such 
as silver, gold, platinum, and palladium. The elements 
which depress conductivity are kept within bounds by the 
conductivity test regularly made* Those which are of 
value if reclaimed will never reach quantities sufficient to 
affect the physical properties of the copper as it would pay 
to re-refine any such copper. The remaining class com- 
prising elements which impair ductility is more difficult to 
deal with. 

We know that bismuth, lead, tellurium, and probably 


^FefcM, S?r*' } Why America does not Manufacture Aniline Dyes , 


75 


lelenium make copper very brittle even when present in 
very small quantities. We do not know, however, how to 
write a specification limiting these imparities, as the pre- 
sence of small amounts of other impurities will neutralise 
their bad effects. We do not know that amounts of lead 
up to 0*0005 per cent have no perceptible effect in mill 
practice or in alloys. Double this amount shows mild effects. 
Lead is about the only one of the group ever met with 
in sufficient quantity to be of interest. As these elements 
are practically insoluble in copper their effect on the con- 
ductivity is directly proportional to the amount present 
and consequently negligible. 

It must be understood that an element like lead is 
always present in small amounts In refined copper, and 
the mere fact of its presence as shown by a delicate 

? [ualitattve test is no basis for complaint. It should be 
urther borne in mind that the determination of the small 
quantities of imparities in refined copper quantitatively 
can only be done with even reasonable accuracy by a 
chemist who has had large experience in this particular 
work. A representative analysis of refined electrolytic 
copper would be somewhat as follows 


Per cent. 

Conductivity (annealed) . . 100*0 

Copper 99 93000 

Silver • . . . . . . • . . o'ooioo 

Gold 0*00001 

Sulphur .. .. .. .. 0*00300 

Oxygen 0*04x100 

Iron 0*00350 

Nickel.. .. 0*00400 

Arsenic , , 0*00200 

Antimony 0*00300 

Aluminium o*ooioo 

Phosphorus Trace 

Lead 0*00200 

Bismuth Trace 

Selenium . . . . . . . . 0*00050 

Tellurium 0*00050 


99*99<>5i 

It will be seen that oxygen is the chief impurity. It has 
been pretty conclusively shown that too much oxygen 
makes the copper harder, and affects the annealing tem- 
perature, the tensile strength of wire, and the number 
of breaks in a wire machine. This may be due to some 
surface effect, as the “set” surface of a wire bar has a 
greater oxygen content than the body of the bar, and as 
the oxygen content increases it is possible that this 
oxidised layer becomes thicker. Another point about high 
oxygen is that it corresponds to low copper contents, and 
to that extent is sold as copper, In brass making the 
« set ” or “ pitch ” of the ingot is of no consequence except 
when the most careful work is done when melting in the 
foundry to avoid farther absorption of oxygen. It is 
obviously useless to impose rigid conditions upon the 
refiner if the same conditions are not observed in the re- 
melting, and it is only at the largest and best equipped 
brass Sundries that such conditions are even approached, 
When sine is introduced into molten copper it acts as a 
deoxidising agent forming zinc oxide. If the copper is 
kept at very high pitch this source of zinc loss and dirty 
brass can be greatly diminished, and this fact has resulted 
in a demand for high copper contents in ingots. It h&B 
therefore become a general custom to specify that the 
copper contents of refined copper shall not be less than 
99*88 per cent, which really means 99*90 per cent, allowing 
o*o2 per cent for assay variations* As this is a rejection 
point the actual average content is expected to be between 
99*92 and 99*94 pe* cent. 

when we come to casting copper a far greater leeway 
must be allowed as already pointed out. In fact, except 
in considering the price charged for the material, copper 
contents have but little* to do with casting copper. It is 
best to buy this material on the basis of known brands 


after finding what brands yield good results in the par- 
ticular class of work and then insist upon uniform 
deliveries, judging the material by chemical analysis of 
the chief impurities. 

The physical defects of refined copper are many. 
Practically all cast copper is porous, doubtless due to the 
discharge of dissolved gases as the copper cools. 

This is analogous to the “piping” of steel ingots, but is 
not so pronounced because copper is cast in a shallow 
mould instead of on end. These microscopic bubbles are 
doubtless the cause of roughness in wire. Then there is 
a class of defects inseparable from ladling, consisting of 
cold sets and splashes where the copper haB run up on the 
mould, and chilled before the main body of metals reaches 
that point. Then there is porosity or sponginess of the 
surface due to the mould being either too hot or too cold. 
Another defect is raised edges on the set surface, generally 
due to slightly lowered pitch corresponding to excessive 
oxygen content of the copper. Should the pitch drop still 
lower “nigger heads” or little black spots will appear. 
These are the outlets of gas cavities extending some 
distance into the copper. On the other hand, should the 
oxygen content be too low the surface of the bar rises, 
and finally breaks open or “spews,” an even worse 
condition. 

Many of these defects are always present in more at 
less degree. Mechanically ladled copper can never be 
perfect. Specifications require that copper shall be free 
from mechanical defects, but a reasonable attitude 
regarding minor troubles on individual pieces is generally 
necessary to the peace of mind of a bnyer. On the other 
band, a refinery occasionally becomes careless in such 
matters, and will send out some surprisingly bad work, so 
that careful systematic inspection combined with an 
attitude of friendly criticism is the best way for a copper 
producer and a copper user to live together. 


WHY AMERICA DOES NOT MANUFACTURE 
ANILINE DYES,* 

By HARRY McCORMACK. 

Thbrb has been so much written and said during the 
past few weeks on the subject of aniline dye manu- 
facture that it will probably be difficult to present any 
new ideas to you. If this Is the case, permit me, at 
least, to hope that the old ideas may be given a new 
setting. 

It has seemed to the speaker that some of the reasons 
which have been advanced as fundamental ones for our 
not engaging extensively in the aniline dye industry are 
at best only contributory causes, and are not fundamental 
at all. 

Any one who is a student of economic conditions has 
observed that there are certain stages in the industrial de- 
velopment of all countries, the stages commencing with 
the simple industries carried on by a people subduing a 
virgin land, when the manufacturing industries are limited 
to those essential for existence, and progressing slowly 
toward the stage where the industries are extremely 
diversified, with the raw materials available worked up 
into the most finished products. 

This country as yet can be said to be in the early stages 
of industrial development. Our energies and financial 
capital have been employed to the limit in such labours as 
the construction of our railway systems, the building of 
our large cities, the constructing and operating of street 
railway systems, waterworks, gas and electric plants, and 
numerous other utilities which must enter into the growth 
and life of a new country which is attempting to take on 
all of the improvements of an advanced civilisation. 

* Paper read at the November meeting of the Chicago Section of 
the American Chemical Society. From the Chmical Bn$fa$ir % 
xx. f No, 6. 
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These lines of industry, it has been said, afforded ample 
Opportunity for investment, such investments being secure 
both as regards principal and as to returns on principal. 
While such opportunities for investment are available, 
capital will be very slow to invest in any new lines, par- 
ticularly such lines as chemical industries which are not 
very well known in this country, and on this account not 
very well considered as investments by our capitalists. 
About the only opportunity a chemist has to secure capital 
for investment is to bring forward some marvellous and 
secret process to extract gold from sea water, or some 
process for securing platinum from hlack sands, or some 
other project based on imagination. 

The development of our railways and public utilities has 
by no means reached its limit, still affording an oppor 
tunity for the investment of our surplus capital, together 
with much capital coming from European countries. It 
will therefore be some time before much capital is avail- 
able for investment in chemical industries. 

The mental viewpoint of our nation as a whole has been 
a handicap to the development of the chemical industry. 
As a nation we are hasty and impatient. We are not so 
constituted that we can spend years of research on par- 
ticular problems, as has been the case with the men who 
have been most successful in bringing forward new 
chemical processes. Our chemists mainly are desirous of 
working at problems promising quick solution. Our 
chemists, too, seem to prefer to work on problems which 
have no utilitarian possibilities. The idea seems to be 
that it is a disgrace to secure any money for scientific 
achievement. The chemist has hiB mind fixed on some 
‘‘real contribution to chemical knowledge,” with the idea 
that any “ real contribution to chemical knowledge ” can 
be of no practical value. Our American capitalist, seeking 
immediate returns on his investment, has, on the other 
hand, the dollar under such close focus that only a high 
power objective can be used which produces very high 
magnification. It is therefore extremely difficult to bring 
these two parties, chemist and capitalist, together, and 
have them work for the common good. 

All industries in this country, chemical as well as others, 
are still suffering from the idea on the part of the practical 
man that the scientist possihly may be of use to teach his 
theory to someone who has no more important work than 
to learn this theorv, but can be of no possible use to the 
practical man. On the other hand, the scientist has a 
poor opinion of the brains of the practical man, thinking 
that by accident he has been able to accumulate some j 
money, but so far as being of any practical value to the 
world— certainly not. He has contributed nothing to the 
advancement of human knowledge. The attitude of both 
must change, and each must be willing to admit the need 
of the other before we can secure the desired industrial 
advancement. 

This viewpoint in some of the European countries, par- 
ticularly in Germany, is radically different. The chemist 
in Germany is looked on as one of, if not the principal, 
contributor to the commercial success of the nation. 
Everything possible is done to aid him in his work. There 
is a close connection in Germany between the college pro- 
fessor or instructor and the establishment having the need 
of expert chemical knowledge and advice. Indeed, many 
of the men connected with large universities are also en- 
gaged in research problems brought up by some manufac- 
turing establishment. They receive from their college 
connections sufficient salary to enahle them to live, and 
receive from the manufacturing establishment a small 
salary, with the understanding that when any processes 
are brought^t of commercial value a portion of the pro- 
ceeds will go to the discoverer. This arrangement, it is 
believed, has contributed more than any other one thing 
to the success of Germany in the establishment and en- 
largement of all her chemical industries, particularly of the 
aniline dye industry. 

While we are speaking of the aniline dye industry 
and commenting on Germany’s success in this line 
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of chemical endeavour, we must not forget that the 
aniline dye industry originated in England, and that 
for several years England enjoyed a monopoly of 
this business. Perkin, an English chemist, in 1856 
prepared the first colouring material lrom coal-tar. 
The first colour prepared was mauve. This was followed 
by a number of others brought out in different years, ex- 
tending from 1856 up to about 1867. All of these dyes 
were new materials, so were not attempts in any way to 
duplicate colouring materials at that time on the maiket, 
the principal dye stuffs at this time being of vegetable 
origin, and none of them being prepared synthetically. 

The two chief vegetable dyes in use at this time were 
alizarin, prepared from madder, and indigo, prepared from 
the indigo plant. About 1869 the Germans commenced to 
be interested in the production of synthetic dyes. Unlike 
the English, they were not content in preparing new dyes 
which would find probably a very limited market, at least 
for some time. They, however, attempted the synthesis 
of the dyeB which were then most in demand. Graebe 
and Liebermann in 1869 succeeded in synthesising Mizarin, 
starting with anthracene as the raw material. This dye 
stuff, when put on the market, of course had to meet at 
once the strong competition of naturally prepared alizarin. 
Their work, however, has been so thoroughly done that it 
was able to meet this competition, and the sales of the 
natural product fell off very rapidly. 

Following the success of these investigators on the 
synthesis of alizarin came the work of Baeyer on indigo. 
About 1880 Baeyer had succeeded in synthesising indigo. 
His indigo synthesis at this time, however, was not a buq- 
cess, as his raw materials were too costly and the yield 
too low. He was, however, able to sell his patents to the 
Badische Anilin Company for about 100,000 dols., and 
from these patents they received no practical benefit. 
This, however, did not deter them from purchasing in 
1890 the patents of Heumann for the synthesis of indigo, 
starting with different raw materials and conducting the 
synthesis in a different manner. Heumann’s synthesis 
enabled the manufacturers to make use of naphthalene, a 
very cheap and abundant coal-tar product, as a basis for 
their indigo synthesis. It is true, however, that the first 
step in the production of indigo from naphthalene was not 
brought out in the original process, but was discovered 
some years later. Long yeais of experimenting on the 
part of these German chemists was rewarded by the suc- 
cessful commercial outcome of both of these syntheses on 
alizarin and on indigo. Practically both the natural pro- 
ducts have been driven from the maiket by the artificial 
ones. 

England, who commenced the manufacture of these 
coal-tar dyes, has lost this business to such an extent that 
we hardly think of England as entering into the production 
of coal-tar dyes at all. 

There must, therefore, be some reason why England 
lost this supremacy. We are accustomed to think of 
Germany as being the originator of the industry, but, as 
has been shown, this is not true. It is the writer’s opinion 
that the prime reason for England losing this great 
industry is the fact that she had no connection between 
the industries and the university man as Germany has 
developed ; therefore, not having the available research 
talent which is absolutely necessary, no new processes or 
materials were brought out, and the industry therefore 
died. We, like England, have no such body of research 
men at the present time who would be available for 
research service along the lines desired. 

Lack of raw materials in this country is also an ad- 
ditional reason why we have no considerable aniline dye 
industry. With all the other things which are necessaiy 
in the building up of a coal-tar dye industry, we must 
have some coal-tar. So long as we persist in coking 85 per 
cent of our coal in beehive ovens, where the volatile pro- 
ducts are entirely lost, just so long will we lack the neces- 
*sry quantity of coal-tar product* for the establishment of 
the aniline dye industry. In the manufacture of aniline 
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dyes it is necessary that we not only have coal-tar, but 
that we have coal-tar in very large quantities. Hauser- 
mann estimates that xoo kilogrammes of tar under distilla- 
tion will yield 

0*6 kilogrm. of benzene, 

0*4 kilogrm. of toluene. 

0*5 kilogrm. higher homologues of benzene and toluene. 

8 to 12 kilogrms. of naphthalene. 

5 to 6 kilogrms. of phenol. 

0*25 to 0*30 kilogrm. of anthracene. 

The above would represent products obtained from the 
coking of 2000 kilogrms. of coal. It should also be 
stated that in the distillation of the tar we get about 30 per 
cent creosote oils and about 60 per cent pitch. Both of 
these products must also be commercially utilised if the 
handling of the coal-tar is to be profitable. 

We must remember, when we are considering the 
aniline dye industry, that it is an industry which deals not 
only with the products obtained from coal-tar, but that it 
is a very widely diversified chemical industry. Before 
these products, obtained from the distillation of coal-tar, 
are available in any way as dye stuffs, they must undergo 
many chemical transformations, and many chemicals will 
be necessary in order to bring about these transformations. 
We find therefore that the great German aniline dye com- 
panies are also very extensive manufacturers of practically 
all kinds of chemicals. 

You are doubtless familiar with the fact that a group of 
these German companies went to Norway several years 
ago and purchased the plant and rights of the company 
operating the Birkeland-Eyde patents, and commenced the 
manuiacture of nitric acid from the air. You possibly may 
also be familiar with the developments in this direction 
since this time ; that these companies have developed the 
greatest group of hydro-electric plants in the world, and 
Save gone into the manufacture of nitric acid, calcium 
nitrate, sodium nitrite, calcium carbide, and calcium 
cyanamide on a scale never before attempted. These 
Norwegian projects alone have an actual investment of 
upwards of fifty million dollars. 

It ia estimated by one of our best informed American 
dye manufacturers that it would take at least 400,000,000 
dols. to cover the investment in Germany of various 
German companies engaged in aniline dye manufacture* 
This gives you some idea of the capital involved in the 
industry. 

To obtain an adequate idea of the industry you should 
realise, in addition to the amount of capital invested, 
something of the spirit which these men have invested in 
their industry. Tnis can possibly be best visualised by 
calling to your attention some of the recent achievements 
of these two companies. One of them, as you will 
remember, recently brought out the synthesis of ammonia 
after Haber and Le Rossignol had worked on the problem 
for some ten years in spite of the fact that it had been 
previously said by many chemists to be unsolvable. The 
other company, you will remember, gave us the process 
for the synthesis of rubber, this process being worked 
out completely to a satisfactory conclusion possibly years 
before there will be a real commercial demand for tbeir 
product. You must remember that to have real com- 
mercial demand for a product it must be sold at a price 
to meet all competition. Here they are bringing out an 
article which will have to compete in price with the natural 
rubber. They did not hesitate, however, on this account, 
but proceeded with their experimental work and developed 
the product, tbeir previous experiences with alizarin and 
indigo having shown them that if you work long enough 
you can succeed in overcoming even such competition as 
is to be met in outselling a natural product by an artificial 
one. Some of our American writers in the past few weeks 
seem to have forgotten that the aniline dye industry in its 
early history had to overcome such competition in the 
line of alizarin and indigo, which was much more strenuous 
than any conditions which would have to be met by 
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American manufacturers entering the field with aniline 
dyes. The writer has an impression of the German spirit 
in chemical industry which will never be effaced: Dr. 
Bernthsen at the Eighth International Congress of Applied 
Chemistry, had just concluded his masterly Address on the 
synthesis of ammonia, when Dr. Duisberg, director of a 
rival German company, advanced to the platform and 
proceeded to tell us of the importance of this work and its 
effects. His attitude was that of a man glorying in the 
accomplishments of his fellow chemists, even if rivals, and 
seemed to radiate the feeling that if there was any more 
important work in the world than that in which he and his 
associates were engaged he had never heard of it. When 
we can secure some such attitude as this among our 
chemists, our industries will not fail to advance. 

Probably the best way to present to you some idea of 
the things required in the manufacture of aniline dye 
would be to take a typical product such as indigo, and 
outline to you the steps necessary in the transformation of 
the coal-tar product to the dye. There are two syntheses 
being used for the production of indigo ; one starting from 
benzene and the other from naphthalene. As you noted 
from the table given, naphthalene is much the largest 
single constituent obtained from coal-tar which is utilis- 
able in dye manufacture. It is therefore the cheapest raw 
material which can be used for the synthesis of indigo. 
The process using naphthalene is therefore selected, and 
the steps are as follows : — 

The naphthalene ib oxidised to phthalic anhydride by 
being heated with concentrated sulphuric acid and 
mercury. 

The phthalic anhydride thus obtained is converted into 
phthalimide by heating with ammonia. 

The phthalimide on being treated with bleaching powder 
gives anthranilic acid. 

Anthranilic acid on heing treated with chloracetic acid 
gives phenylglyctne-o-carboxylic acid. 

The phenylglycine-o carboxylic acid fused with sodium 
hydroxide yields indoxyl. 

Indoxyl when treated with a large amount of air blown 
through the solution oxidises to mdigo the product 
desired. 

It is noticed in this table that in the transformation 
from naphthalene to indigo there are seven operations 
requiring six different chemicals. A manufacturer to be 
successful in thiB industry would have to be able to supply 
these chemicals from hiB own factories, and thus be 
independent in his raw materials. To be successful be 
would also have to develop a market for the various 
products he was manufacturing; that is, it would not 
suffice for him to manufacture these chemicals only in the 
quantities required in his own plant, but to obtain them 
economically must manufacture them in large quantities, 
and be prepared to sell each and every one of them in the 
open market. 

We should not leave the subject of the aniline dye 
industry without some comment on the conditions in the 
industry which are peculiar to this Industry. First, the 
manufacturer must produce many different dyes to satisfy 
his customers. It is estimated that some 900 different 
dyes are imported into this country. Second, he must be 
continually seeking for new dyes of different shades and 
of more satisfactory qualities. The manufacture of dyes 
in this way is not like the manufacture of, say, steel pro- 
ducts. Approximately the same steel products are in style 
to day as were in style five years ago, but in the dye 
industry shades which are eminently desired this year may 
not be marketable at all next year. 

Summarising the reason why we do not manufacture 
aniline dyes, I would state them as follows : — 

First, the scarcity of capital available for investment in 
such industries. 

Second, the desire of the American capitalist to secure 
quick and sure returns on his investments and his inability 
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he foreground. , 

Third, lack of co-operation between the colleges and 
miversitiei and our chemical industries* 

Fourth, lack of raw materials, due to our waste of our 
natural resources. 

Fifth, our American characteristics of haste and 
impatience. 

Sixth, unsatisfactory patent laws. 

Seventh, low tariff on imported aniline dyes. 


ON THE ACTION OF LEAD, COPPER, TIN 
NICKEL, ZINC, AND ALUMINIUM ON WATER. 

By Dr. W. P. JORISSEN, The University, Leiden, Holland. 

(Continued from p. 70). 

9, Aluminium. 

Originally aluminium had been given a place below 
zinc, but after Neumann’s investigations the order is that 
which is to be found in the table on page 56, viz., zinc is 
a “ nobler ” metal than aluminium (Note 45). Yet several 
experiments made by Ch. M. van Deventer and H. van 
Lummel (Note 46) would lead to another conclusion. 

Thus, for instance, ordinary aluminium does not pre- 
cipitate zinc from a solution of zinc sulphate (which it 
does from an alkaline one). Ordinary aluminium hardly 
acts upon dilute sulphuric acid, as is also the case with 
pure zinc (see ante ) ; but when the metals are brought into 
contact with each other when immersed in the acid a con- 
siderable liberation of hydrogen takes place on the 
aluminium . Aluminium consequently behaves in this 
respect just like, for instance, copper, silver, gold, or 
platinum (Note 47), and so it ought to be regarded as 
« electronegative” to zinc (Note 48). When a galvanic 
cell is constructed by means of ordinary aluminium, 
amalgamated zinc, ana dilute sulphuric acid, the zinc is 
found to be the dissolving electrode. Van Deventer and 
van Lummel found the E.M.F. to be about 0*4 volt ; the 
resistance appeared to be very considerable. In the series 
of electro-chemical potentials for metals immersed in sea- 
water aluminium must also be placed below zinc 
(Note 49). 

When amalgamated aluminium is taken, however, this 
metal is able to show its true nature (Note 50) ; it acts in 
accordance with its place in the series already given on 
page 56. Thus, for instance, it precipitates zinc from an 
ordinary solution of zinc sulphate. 

Van Deventer ascribes the abnormal behaviour of the 
ordinary metal to a film of oxide (Note 51). According to 
J. J. van Laar (Note 5a) this u film of oxide,” or whatever 
it may be (Note 53), prevents the sending out of Al-ions, 
and therefore the aluminium becomes an ordinary hydrogen 
electrode, comparable with platinum. 

Pt 



Z n 

Dilute sulphurio acid 



With amalgamated aluminium, however, the behaviour 
of the metal is reverted, thus — 

Dilute sulphuric acid 



Zn 


It is a well-known fact that aluminium remains practi- 
cally unaltered in dry air (Note 54). In moist air a super- 
ficial film of oxide seems to protect the metal from further 
oxidation (Note 55). The action of water and air has been 
studied (Note 56) by W. Ohlmuller and R. Heise 
(Note 57). They observed that distilled water acts only 
in a slight degree. When a sheet of aluminium (contain- 
ing 0*053 per cent cryst. Si, 0*45 per cent Si in a combined 
state, and 0*292 per cent Fe), with a surface of 3x0 cm*, 
was immersed m 500 cc. of this water, in two days rx2, 
in four days 3*15, and in six days 3*79 mgrms. of 
aluminium were found to be dissolved. Carbonic acid 
proved to have no perceptible influence* The action of 
water from the water supply (analysis not given) was also 
studied. Crater- shaped corrosions were formed, first 
white, then yellowish. The analysis showed the presence 
of oxides of Al, Fe, and Ca, the latter in small quantities, 
and carbonic acid. In nearly all these a small gas bubble 
was observed, containing oxygen, nitrogen, and hydrogen. 
On removing the craters, dark, clearly defined, eroded 
spots remained behind* In 500 cc. of this water 5*4 mgrm*. 
of Al were found after twenty-fours and xx*5 (reap. 15*0) 
mgrms. of this metal after sue days). 

When the water was practically freed from air by means 
of an air-pump the craters still appeared. 

In a 2 per cent solution of sodium chloride the number 
of corroded spots was much larger ; the craters, however, 
were very small and not so firm as in the case of the 
drinking water. In the salt solution Boon a voluminous 
precipitate appeared. After two days 8*56 mgrmB., after 
six days 26*23 mgrms. of Al were found to be present in 
this solution. Ohlmuller and Heise suppose the metal to 
possess places consisting of a less resisting alloy ; they also 
consider the possibility of an influence of the manu- 
facturing process which the metal has undergone. 

Heyn and Bauer’s experiments on the corrosion of 
aluminium sheets and vessels show that the greater the 
cold work put on the metal the greater is the tendency to 
local corrosion. 

After annealing at 450° only general corrosion occurs 
(Note 58). 

That sea water acts in about the same way as a 3*2 per 
cent solution of sodium chloride has been observed by 
myself (Note 59). After an exposure for weeks in water 
containing carbonic acid under pressure, a loss of weight 
of only 0*2 per cent was observed by Neuman Wender 
(Note 60). 

When aluminium is treated with a solution of mercuric 
chloride, or when the metal is immersed in mercury directly 
after having been scrubbed, an amalgam is formed. This 
amalgam readily oxidises. In air containing water vapour 
and carbonic acid principally aluminium hydroxide (not a 
definite hydrate) is obtained ; however, a carbonate and a 
peroxide being also formed, according to Jourdain’s 
observations (Notedx). 

The fact that aluminium amalgam decomposes water 
at the ordinary temperature has been used by Mauricheau* 
Beauprd (Note 62) to work out a process for the manufac- 
turing of hydrogen on a large scale. He adds to the metal 
small quantities of corrosive sublimate and potassium 
cyanide. As regards the use of aluminium notified by 
mercury, reference may be further made to the investiga* 
tions of Kohn-Abrest (Note 63). 

That amalgamated aluminium behaves differently from 
amalgamated zinc (which does not act upon dilute sul- 
phuric acid) is due to the fact that the electro-chemical 
potential of aluminium is larger than the overvoltage of 
mercury (compare Note 9). 

Of the other alloys of aluminium, as composed chiefly 
of this metal, magnalium and duralumin maybe mentioned 
here. The former contains magnesium in varying quanti- 
ties, and sometimes Bmall quantities of other metals ; it is 
less corrodable than aluminium. The latter (containing 
0*5 per cent Mg, 3.5 - 5 '5 per cent Cu, and 0*5— o*8 per cent 
Mn) is even said to offer a strong resistance to the action 
of sea water, in contrast with ordinary aluminium (Note 64)* 
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xo. Zinc, 

In pore distilled water, free from dissolved oxygen and 
carbonic acid, zinc retains its shining surface even for 
tome years (Note 65). However, when oxygen is present 
oxidation takes place (Note 66)* Zinc hydroxide is 
formed, of which the solubility in water is slight (g mgrms, 
per litre, according to A. J. C. Snijders) (Note 67). When 
air and therefore carbonic acid is present also basic car- 
bonate will be formed ; in this case practically the same 
quantity of zinc is found dissolved in the water 
(Note 68)* 

Snijders (Note 69) determined the solubility of zinc 
hydroxide (formed during the oxidation of zinc in water 
and air, carbonic acid being absent) in x per cent solutions 
of several salts* The following results in mgrms. Zn per 
litre) were obtained; sodium chloride (temp. x8°) 51 
mgrms,, calcium chloride (x6°) 57*5 mgrms., magnesium 
chloride (16 0 ) 65 mgrms., ammonium chloride (20°) 
95 mgrms., magnesium sulphate (21°) 27 mgrms., potas- 
sium carbonate (15°), ammonium nitrate (20°) 77 mgrms., 
&c. 

When he exposed 25 cm 2 of pure zinc in a x per cent 
solution of sodium chloride to the action of air, free from 
carbon dioxide, he found after fourteen days (temp. 
12—18°) about 54 mgrms. of Zn in a litre of the solution 
and about 14 mgrms. of Zn as precipitate (hydroxide). 
As in the case of distilled water, 9 mgrms. were found in 
the solution and 8 mgrms. as precipitate; the rate of 
oxidation was consequently increased by the salt 
(Note 70). 

When carbonic acid was present he found after fourteen 
days (temp. xx~x6°) about 45 mgrms. Zn in the solu< 
tion ; hence a somewhat smaller quantity than in the case 
of air free from carbonic acid. If crude zinc was used 
(Note 71 ) instead of pure zinc the results did not differ 
much ; the rate of the oxidation was increased a little. 

The following results were obtained with 1 per cent 
solutions of other salts (in fourteen days) (Note 72) : 
Potassium Bulpbate (xa— 14 0 ) 85 mgrms. Zn per litre dis- 
solved, 36 mgrms. as precipitate ; magnesium sulphate 90 
mgrms. dissolved; sodium nitrate (12— i6°l 24 mgrms. 
dissolved, xx mgrms. precipitate (Note 73) ; potassium 
carbonate and sodium hydrocarbonate did not dissolve any 
zinc, only a film being formed. 

Finally, Snijders investigated the action of four different 
kinds of spring water. Only in one case (where much 
carbonate was present) no dissolved zinc was found in 
the water (after fourteen days), a small quantity was ob- 
served as precipitate, a film being formed on the metal. 

H. Bunte (Note 74) filled galvanised iron tubes (length 

metres, diameter 50 mm., contents 5*9 litre, inner sur- 

ce 0*47 m*) with water. 

After xx* 5 days distilled water had dissolved 19 mgrms. 
Zn per litre, a solution of calcium sulphate 54 mgrmB., 
after three days a solution of sodium chloride (0*4 grm. 
per litre) 25 mgrms., different kinds of water (analysis not 
given) after x— xx*s days 3— xx mgrms. 

G. Wolihugel (Note 75) found that the action of water 
on galvanised iron tubes is dependent on the composition 
of the water. He concludes that before using such tubes 
for drinking water, it is necessary to investigate first the 
action of the water in question (Note 76). 

That rain water which comes into contact with zinc 
roofs, &e., may contain zinc in appreciable quantities need 
not be stated. 

xx. Nickel. 

Nickel has an electro-chemical potential of 0*228 volt 
in normal solutions of Ni-ions, while its overvoltage in 
normal solutions of sulphuric acid amounts to 0*21 volt. 
This accounts for the fact that it acts only slowly on dilute 
hydrochloric and dilute sulphuric acid. 

The circumstance that nickel is not corroded by air and 
water, not even by sea water, enhances its practical value. 
Ernst Cohen (Note 77) found that nearly pure nickel of 
Krupp (99*9 per cent), after having been exposed for four 


weeks to the action of sea water and air, had retained its 
polish and had not in the least been corroded. 

Besides a sufficient percentage of nickel (more than 
35 per cent) will prevent iron from rusting (Note 78). 

12. Tin . 

Tin is Bomewhat less “noble” than hydrogen: its 
electro-chemical potential amounts to less than 0*192 volt; 
its overvoltage, however, being 0*55 volt in a normal solu- 
tion of sulphuric acid ; it will not liberate hydrogen from 
dilute sulphuric acid. On the other hand, tin will dissolve 
in the presence of air, as the hydrogen may be oxidised in 
that case on the surface of the metal (compare ante)* 
It appears, however, that the catalytic action of tin in this 
respect is smaller than that of lead. Sackur (Note 79), 
namely, found that in the presence of air only traces of 
tin dissolve in dilute acetic acid. 

That tin will be proof against the action of pure water 
is therefore to be expected. Thus jin making distilled water 
it is customary to make use of a tin cooling tube. 

It is also to be expected that tin, unless impure, will 
either not dissolve at all, or only in small quantities iu 
water containing carbonic acid when air is absent or nearly 
absent (Note 80). 

That technically pure tin of the kind used as lining in 
water pipes is acted upon by drinking water has been found 
by C. P. E. Ribbius and W. D. Gratama (Note 81). J. D. 
van der Plaats (Note 82) observed in such cases greyish 
stains and streaks across the tin, consisting of stannous 
and stannic oxide, mixed with substances deposited from 
the water. N o definite conclusion was arrived at regarding 
the question whether galvanic action had played a part. 

Pure tin (99 g6 per cent), according to Ernst Cohen’s 
observations, is rather quickly acted upon by sea water 
containing air (Note 83). It was known already that the 
tin of tin-plated condenser tubes, through which sea water* 
flows, is corroded. As the tin layer is very thin (as a rule 
about 0*02 mm.), it is not to be wondered at that this film 
does not protect the copper or brass sufficiently against 
corrosion. 

Moreover, when the film does not cover the whole Bur- 
face, as often happens, a galvanic action between the two 
metals will take place. A layer of basic salts, however, 
will soon cover the tin (Note 84). 
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(To be continued). 
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Iron and Steel Institute. — The Annual Meeting will 
be held by kind permission at the Institution of Civil 
Engineers, Great George Street, London, S.W., on 
Thursday and Friday, May 13 and 14, 19x5. The date of 
Thursday, May 13, has been provisionally fixed for the 
Annual Dinner, and a further announcement will be 
made if it is found possible for the Dinner to take place. 
It has been provisionally decided to hold the Autumn 
Meeting in London during the week ending September 
25, 1915. 


SOME ASPECTS OF INDUSTRIAL CHEMISTRY.* 
By L. H. BAEKELAND, Sc.D. 

.'(Continued from p. 67). 

Now let us see how Germany won her spurs in chemical 
engineering as well : — 

At the beginning, the manufacturing problema in 
organic chemistry involved few, if any, serious engineering 
difficulties, but required, most of all, a sound theoretical 
knowledge of the subject ; this put a premium on the 
scientist, and could afford, for awhile at least, to ignore 
the engineer. But when growing developments began to 
claim the help of good engineers, there was no difficulty 
whatsoever in supplying them, nor in making them co- 
operate with the scientists. In fact, since then, Germany 
has solved, just as successfully, some of the most extra- 
ordinary chemical engineering problems ever undertaken, 
although the development of such processes was entered 
upon at first from the purely scientific side. 

In almost every case, it was only after the underlying 
scientific facts had been well established that any attempt 
was made to develop them commercially. 

Healthy commercial development of new scientific pro- 
cesses does not build its hope of success upon the co- 
operation of that class of “ promoters ” which are always 
eager to find any available pretext for making “quick 
money,” and whose scientific ignorance contributes con- 
veniently to their comfort by not interfering too much 
I with their self-assurance and their voluble assertions. The 
! history of most of the successful recent chemical pro- 
cesses abounds in examples where, even after the under- 
lying principles were well established, long and costly pre- 
paratory team-work had to be undertaken ; where foremost 
scientists as well as engineers of great ability had to com- 
bine theit knowledge, their skill, their perseverance, with 
the support of large chemical companies, who, in their 
turn, could rely on the financial backing of strong banking 
concerns, well advised by tried expert specialists. 

History does not record how many processes thus sub- 
mitted to careful study were rejected because, on close 
examination, they were found to possess some hopeless 
shortcomings, in this way, numerous fruitless efforts and 
financial losses were averted, where less carefully accumu- 
lated knowledge might have induced less scrupulous 
promoters to secure money for plausible but ill- advised 
enterprises. 

In the history of the manufacture of artificial dyes, no 
chapter gives a more striking instance of long assiduous 
and expensive preliminary work of the highest order than 
the development of the industrial synthesis of indigo* 
Here was a substance of enormous consumption which, 
until then, had been obtained from the tropics as a natural 
product of agriculture. Prof, von Baeyer and his pupils, by 
long and marvellously clever laboratory work, succeeded 
by-and-bye in unravelling the chemical constitution of this 
indigo dye, and finally indicated some possible methods of 
synthesis. Notwithstanding all this, it took the Badische 
Aniline and Soda Fabrik about twenty years of patient 
research work, carried out by a group of eminent chemists 
and engineers, before a satisfactory method was devised 
by which the artificial product could compete in price and 
in quality with natural indigo. 

Germany, with her well administered and easily 
enforceable patent laws, has added, through this very 
agency, a most vital inducement for pioneer work in 
chemical industries. Who otherwise would dare to take 
the risk of all the expenses connected with this class of 
creative work ? Moreover, who would be induced to 
publish the result of bis dibcoveries far and wide through- 
out the whole world in that steadily flowing stream of 
patent literature, which, much sooner than any text-books 
or periodicals, enables one worker to be benefited and to 
be inspired by the publication of the latest work of 
others ? 


* The Chandler Lectnre, Columbia U S.A., 19x4. 
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The development of some problems of industria 
chemistry has enlisted the brilliant collaboration of men of 
so many different nationalities that the final success could 
not, with any measure oi justice, be ascribed exclusively to 
one single race or nation ; this is best illustrated by the 
invention of the different methods for the fixation of 
nitrogen from the air. 

This extraordinary achievement, although scarcely a 
few years old, seems already an ordinary link in the chain 
of common current events of our busy life, and yet the 
facts connected with this recent conquest reveal a modern 
tale of great deeds of the race— an Epos of Applied Science. 

Its story began the day when chemistry taught us how 
indispensable are the nitrogenous substances for the 
growth of all living beings. 

Generally speaking, the most expensive foodstuffs are 
precisely those which contain most nitrogen; for the 
simple reason that there is, and always has been, at some 
time or another, a shortage of nitrogenous foods in the 
world. Agriculture furnishes us these proteid- or nitrogen- 
containing bodies, whether we eat them directly as 
vegetable products, or indirectly as animals which have 
assimilated the proteids from plants. It so happens, how- 
ever, that by our ill-balanced methods of agriculture we 
take nitrogen from the soil much faster than it Is supplied 
to the soil through natural agencies. We have tried to 
remedy this discrepancy by enriching the soil with manure 
or other fertilisers, but this has been found totally in- 
sufficient, especially with our methods of intensive culture 1 
— our fields want more nitrogen. $0 agriculture has been 
looking anxiously around to find new sources of nitrogen 
fertiliser. For a short time an excellent supply was found 
in the guano deposits of Peru ; but this material was used 
up so eagerly that the supply lasted only a very few years. 
In the meantime the ammonium salts recovered from the 
by-products of the gasworks have come into steady use as 
nitrogen fertiliser. But here again the supply is entirely 
insufficient, and during the later period our main reliance 
has been placed on the natural beds of sodium nitrate 
which are found in the desert regions of Chile. This has 
been, of late, our principal source of nitrogen for agricul- 
ture, as well as for the many industries which require 
saltpetre or nitrio acid. 

In 18 98, Sir William Crookes, in his memorable presi- 
dential address before the British Association for the Ad- 
vancement of Science, called our attention to the 
threatening fact that, at the increasing rate of consump- 
tion, the nitrate beds of Chile would be exhausted before 
the middle of this century. Here was a warning -an 
alarm call - raised to the human race by one of the deepest 
scientific thinkers of our generation. It meant no more 
nor less than that before long our race would be con- 
fronted with nitrogen starvation. In a given country, all 
other conditions being equal, the abundance or the lack of 
nitrogen available for nutrition is a paramount factor in 
the degree of general welfare or of physical decadence. 
The less nitrogen there is available aB food-stuffs, the 
nearer the population is to starvation. The great famines 
in such nitrogen deficient countries as India and China 
and Russia are sad examples of nitrogen starvation. 

And yet nitrogen, as such, is so abundant in nature that 
it constitutes four-fifths of the air we breathe. Every 
square mile of our atmosphere contains nitrogen enough 
to satisfy our total present consumption for over half a 
century. However, this nitrogen is unavailable as long as 
we do not find means to make it enter into some suitable 
chemical combination. Moreover, nitrogen was generally 
considered inactive and inert, because it does not enter 
readily in chemical combiiyition. 

Sir William Crookes’s disquieting message of rapidly ap- 
proaching nitrogen starvation did not cause much worry 
to politicians— they seldom look so far ahead into the 
future. But, to the men of science, it rang like a reproach 
to the human race. Here, then, we were in possession of 
an inexhaustible store of nitrogen in the air, and yet, 
unless we found some practical means for tying some of it 


into a suitable chemical combination, we would soon be 
in a position similar to that of a shipwrecked sailor, 
drifting around on an immense ocean of brine, and yet 
slowly dying for lack of drinking water. 

As a guiding beacon there was, however, that simple ex- 
periment, carried out in a little glass tube, as far back as 
1785, by both Cavendish and PneBtley, which showed that 
if electric sparks were passed through air the oxygen 
thereof was able to burn some of the nitrogen and to 
engender nitrous vapours. 

This seemingly unimportant laboratory curiosity, so 
long dormant in the text-books, was made a starting point 
by Charles S. Bradley and D. R. Lovejoy, in Niagara 
Falls, for creating the first industrial apparatus for con- 
verting the nitrogen of the air into nitric acid by means of 
the electric arc. 

As early as 1962, they published their results as well as 
the details of their apparatus. Although they operated 
only one full-sized unit, they demonstrated conclusively 
that nitric acid could thus be produced from the air in un- 
limited quantities. We shall examine later the reasons 
why this pioneer enterprise proved a commercial insuccess; 
but to these two American inventors belongs undoubtedly 
the credit of having furnished the first answer to the 
distress call of Sir William Crookes. 

In the meantime many other investigators were at work 
at the same problem, and soon from Norway’s abundant 
waterfalls came the news that Birkeland and Eyde had 
solved successfully, and on a commercial scale, the same 
problem by a differently constructed apparatus. The 
Germans, too, were working on the same subject, and we 
beard that Schoenherr, also Pauling, bad evolved still 
other methods, all, however, based on the Cavendish- 
Priestley principle of oxidation of nitrogen. In Norway 
alone, the artificial saltpetre factories use now, day and 
night, over 200,000 electrical horse-power, which will soon 
be doubled ; while a further addition is contemplated 
which will bring the volume of electric current consumed 
to about 500,000 horse-power. The capital invested at 
present in these works amounts to 27,000,000 dols. 

Frank and Caro, in Germany, succeeded in creating 
another profitable industrial process whereby nitrogen 
could be fixed by carbide of calcium, which converts it 
into calcium cyanamide, an excellent fertiliser by itself. 
By the action of steam on cyanamide, ammonia is pro- 
duced, or it can be made the starting point of the manu- 
facture of cyanides, so profusely used for the treatment 
of gold and silver ores. 

Although the synthetic nitrates have found a field of 
their own, their utilisation for fertilisers is smaller than 
that of the cyanamide ; and the latter industry represents, 
to-day, an investment of about 30,000,000 dols., with 
three factories in Germany, two in Norway, two in 
Sweden, one in France, one in Switzerland, two in Italy, 
one in Austria, one in Japan, one in Canada, but not any 
in the United States. The total output of cyanamide is 
valued at 15,000,000 dols. yearly, and employs 200,000 
horse-power, and preparations are made at almost 
every existing plant for further extensions. An English 
company is contemplating the application of x, 000,000 
horse-power to the production of cyanamide and its de- 
rivatives, 600,000 of which have been secured in Norway 
and 400,000 in Iceland, 

But still other processes are being developed, based on 
the fact that certain metals or metalloids can absorb 
nitrogen, and can thus be converted into nitrides; the 
latter can either be used directly as fertilisers or they can 
be made to produce ammonia under suitable treatment. 

The most important of these nitride processes seems to 
be that of Serpek, who, in his experimental factory at 
Niedermorschweiler, succeeded in obtaining aluminium 
nitride in almost theoretical quantities, with the use of an 
amount of electrical energy eight times less than that 
needed for the Birkeland Eyde process and one-half less 
than for the cyanamide process, the results being calculated 
for equal weights of u fixed ” nitrogen. 
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A French company has taken up the commercial appli- 
cation of this process which can furnish, besides ammonia, 
pure alumina for the manufacture of aluminium metal. 

An exceptionally ingenious process for the direct 
synthesis of ammonia, by the direct union of hydrogen 
with nitrogen, has been developed by Haber in conjunc- 
tion with the chemists and engineers of the Badiscbe 
Aniline and Soda Fabrik. 

The process has the advantage that it is not, like the 
other nitrogen-fixation processes, paramountly dependent 
upon cheap power; for this reason, if for no other, it 
seems to be destined to a more ready application. The 
fact that the group of the three German chemical com- 
panies which control the process have sold out their former 
holdings in the Norwegian enterprises to a Norwegian- 
French group, and are now devoting their energies to the 
commercial installation of the Haber process, has quite 
some significance as to expectations for the future. 

The question naturally arises — Will there be an over- 
production and will these different rival processes not kill 
each other in slaughtering prices beyond remunerative 
production ? 

As to over-production, we should bear in mind that 
nitrogen fertilisers are already used at the rate of about 
300,000,000 dols. worth a year, and that any decrease in 
price, and, more particularly, better education in farming, 
will probably lead to an enormously increased consump- 
tion. It is worth mentioning here that, in 1825, the first 
shipload of Chile saltpetre which was sent to Europe 
could find no buyer, and was finally thrown into the sea 
as useless material. 

Then again, processes for nitric acid and processes for 
ammonia, instead of interfering, are supplementary to 
each other, because the world needs ammonia and am- 
monium salts, as well as nitric acid or nitrates. 

It should be pointed out also, that ultimately the pro- 
duction of ammonium nitrate may prove the most desirable 
method so as to minimise freight ; for this salt contains 
much more nitrogen to the ton than is the case with the 
more bulky calcium-salt under which form synthetic 
nitrates are now put into the market. 

Before leaving this subject let us examine why Bradley 
and Lovejoy’s efforts came to a standstill where others 
succeeded. 

First of all the cost of power at Niagara Falls is three to 
five times higher than in Norway, and although at the 
time this was not strictly prohibitive for the manufacture 
of nitric acid, it was entirely beyond hope for the produc- 
tion of fertilisers. The relatively high cost of power in 
our country is the reason why the cyanamide enterprise 
had to locate on the Canadian side of Niagara Falls, and 
why, up till now, outside of an experimental plant in the 
South (a 4000 horse-power installation in North Carolina, 
using the Pauling process), the whole United States has 
not a single synthetic nitrogen fertiliser works. 

The yields of the Braoley-Lovejoy apparatus were 
rather good. They succeeded in converting as much as 
2i per cent of the air, which is somewhat better than their 
successors are able to accomplish. 

But their units, 12 kilowatts, were very much smaller 
than the xooo to 3000 kilowatts now used in Norway ; 
they were also more delicate to handle, all of which made 
installation and operation considerably more expensive. 

However, this was the natural phase through which any 
pioneer industrial development has to go, and it is more 
than probable that in the natural order of events, these 
imperfections would have been eliminated. 

But the killing stroke came when financial support was 
saddenly withdrawn. 

In the successful solution of similar industrial problems, 
the originators in Europe were not only backed by scienti- 
fically well-advised bankers, but they were helped to the 
rapid solution of all the side problems by a group of 
specially selected scientific collaborators, as well as by 
all the resourcefulness of well-established chemical 
enterprises. 


That such conditions are possible in the United States 
has been demonstrated by the splendid team-work which 
led to the development of the modern Tungsten lamp 
in the research laboratories of the General Electric Com- 
pany, and to the development of the Tesla polyphase 
motor by the group of engineers of the Westinghouse 
Company. 

True, there are endless subjects of research and develop- 
ment which can be brought to success by the efforts of 
single independent inventors, but there are some problems 
of applied science which are so vast, so much surrounded 
with ramifying difficulties, that no one man, nor two men, 
however exceptional, can either furnish the brains or the 
money necessary for leading to success within a reason- 
able time. For such special problems, the rapid co- 
operation of numerous experts and the financial resources 
of large establishments are indispensable. 

AU these examples of the struggle for efficiency and 
improvement demonstrate why, in industrial chemistry, 
the question of dollars and cents has to be taken very much 
into consideration. 

From this standpoint at least, the “ Dollars and cents " 
argument can be interpreted as a symptom of industrial 
efficiency, and thus the definition sounds no longer as a 
reproach. With some allowable degree of accuracy, it 
formulates one of the economic aspects of any acceptable 
industrial chemical process. 

Indeed, barring special conditions, as, for instance, in- 
competent or reckless management, unfair competition, 
monopolies, or other artificial privileges, the money success 
of a chemical process is the cash plebiscite of approval of 
the consumers. It is bound, after a time at least, to weed 
out the inefficient methods. 

Some chemists, who have little or no experience with 
industrial enterprises, are too much over-inclined to judge 
a chemical process exclusively from the standpoint of tie 
chemical reactions involved therein, without sufficient 
regard to engineering difficulties, financial requirements, 
labour problems, market and trade conditions, rapid de- 
velopment of the art involving frequent disturbing im- 
provements in methods and expensive changes in equip- 
ment, advantages or disadvantages of the location of the 
plant, and other conditions so numerous and variable 
that many of them can hardly be foremen even by men of 
experience. 

And yet, these seemingly secondary considerations 
most of the time become the deciding factor of success or 
failure of an otherwise well-conceived chemical process. 

The cost of transportation alone will frequently decide 
whether a certain chemical process is economically possible 
or not. For instance, the big Washoe Smelter, in Mon- 
tana, wastes enough sulphur dioxide gas to make daily 
x8oo tons of sulphuric acid, but that smelter is too far 
distant from any possible market for such a quantity of 
otherwise valuable material. 

Another example of the kind is found in the natural 
deposits of soda, or soda lakes, in California. One of 
these soda lakes contains from thirty to forty-two million 
tons of soda. Here is a natural source of supply which 
would be ample to satisfy the world’s demand for many 
years to come. Similar deposits exist in other parts of the 
world, but the cost of transportation to a sufficiently large 
and profitable market is so exorbitant that, in the mean- 
time, it is cheaper to erect at more convenient points ex- 
pensive chemical works in which soda is made chemically 
and from where the market can be supplied more pro- 
fitably. 

In addition, we can cite the artificial nitrate processes 
in Norway, which, notwithstanding their low efficiency 
and expensive installation, can furnish nitrate in competi- 
tion with the natural nitrate beds of Chile, because the 
latter are hampered by the cost of extraction from the soil 
where fuel for crystallisation is expensive, in addition to 
the considerable cost of freight. 

But there is no better example, illustrating the far- 
reaching effect of seemingly secondary conditions upon 
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the success of a chemical process, than the history of the 
Leblanc soda process. 

This famous process was the forerunner of chemical in- 
dustry : for almost a century it dominated the enormous 
group of industries of heavy chemicals, so expressively 
called by the French, “ La Grande Industrie Chimique,” 
and now we are witnesses of the lingering death agonies 
of this chemical colossus. Through the Leblanc process, 
large fortunes have been made and lost ; but even after its 
death, it will leave a treasure of information to science and 
chemical engineering, the value of which can hardly be 
overestimated. 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting, January 28, 1915. 

Sit William Crookes, O.M., President, in the Chair. 

Papers were read as follows 

u Influence of Salt-concentration on Haemolysis*" By 
W. W. C. Topley. 

The method employed in this investigation has con* 
sisted in varying the percentage of sodium chloride present 
in a mixture of sheep’s red cells, hsemolytic anti-body and 
complement. The hsemolytic anti-body was obtained 
from an immunised rabbit, and fresh guinea-pig serum, 
previously absorbed with sheep’s red cells at o° C., fur- 
nished the complement. Where hypotonic percentages of 
sodium chloride have been employed, the solutions have 
been made in 7*8 per cent saccharose solution. 

The results have confirmed the observations of other 
workers that, when the percentage of salt is increased 
beyond the normal limit, haemolysis is inhibited, owing to 
the failure of union between the complement and the red- 
cell anti-body complex, and that, if the amount of anti- 
body present in the mixture be increased, the effect of the 
increased salt concentration may to a certain extent be 
overcome. 

It has further been shown that, if the salt concentra- 
tion be decreased below the normal limits, less and less 
anti-body becomes necessary in order to bring about the 
union of red cells and complement, and that, in the almost 
entire absence of electrolytes, guinea-pigs* complement 
can hsemolyse sheeps’ red cells without the intervention of 
hsemolytic anti-body. This last fact had already been 
noted by others, but its significance had apparently not 
been realised. 

It is possible that not the whole complement, but only 
some specialised part of it, causes this type of haemolysis, 
but experiments in which the complementary serum was 
absorbed with sheep’s red cells at o° C. m a salt-free 
medium seemed to show that no anti-body of the usual 
type is involved. 

** The Life-cycle of Cladocera , with Remarks on the 
Physiology of Growth and Reproduction in Crustacea 
By G. Smith. 

“ Investigations on Protozoa in Relation to the Factor 
Limiting Bacterial Activity in Soil ." By T. Goodey. 

Tw different lots of soil were taken and inoculated 
with Cultures of protozoa originally obtained from soil, in 
order to determine whether the added protozoa would 
cause a decrease in the numbers of bacteria in the soil. 
One soil was free from protozoa to begin with, having 
been bottled since 1846, whilst the other was freed from 
protozoa by partial sterilisation. Separate lots of each 
soil were inoculated with cultures of ciliates, amoeba, and 
flagellates, and suitable control samples were set up. 
Periodical bacterial counts were made, in order to ascer- 
tain if the protozoa were exerting a limiting action on 


the soil bacteria, and these counts were continued over a 
period of about eighteen months. 

The curves obtained on plotting the results of the bac- 
terial counts indicate that in no case have the added 
protozoa brought down the numbers of bacteria to a lower 
level than the bacterial content of the soil samples con- 
taining no protozoa. It is further shown, in the case of 
one soil bottled in 1865, that, on moistening, the bacteria 
attain very high numbers in spite of the presence of a 
varied and numerically abundant fauna of amoebae and 
flagellates. 

The general conclusion drawn from the investigations 
is that ciliates, amoebae, and flagellates do not act as the 
factor limiting bacterial activity in soil. 

“ The Mesodermic Origin and the Fate of the so-called 
Mesectoderm in Petromyzon," By S. Hatta. 

“ Influence of Homodromous and Heterodromous Electric 
Currents on Transmission of Excitation in Plant and 
Animal " By Prof. J. C. Bose. 


NOTICES OF BOOKS. 

The Chemistry of the Radio-elements . By Frederick 
Soddy, F.R.S. Part I., Second Edition. London, 
New York, Bombay, Calcutta, and Madras : Longmans, 
Green, and Co. 19Z4. 

The new edition of this book has been practically re- 
written, and is issued in two volumes, of which this, the 
first, deals more with practical knowledge than with 
theoretical generalisations. It opens with a lengthy and 
clear historical and descriptive account of the phenomena 
of radio-activity, explaining the meanings of such con- 
ceptions as the period of average life, the radio-active 
constants, and radio-active equilibrium. The work which 
has recently been done on the electro and colloidal 
chemiBtry of these elements is well described, and a 
general account is given of their chemical characters, with 
a short discussion of their position m the Periodic Table. 
Finally, the properties of the individual elements are 
described in turn in much detail, methods of estimation 
and separation being included. It is perhaps hardly 
necessary to say that the book is quite indispensable for 
the physicist or chemist who is interested in recent work 
on radio-activity. 

A Text-book of Practical Assaying . By James Park. 
Revised and Enlarged from the Third New Zealand 
Edition. London ; Charles Griffin and Co., Ltd. X9X4. 
This book contains a two years' course of assaying and 
technical analysis. The woik is on the whole well 
graduated, although it would hardly seem advisable to 
defer all qualitative analysis to the end of the course. 
Technical methods of ore valuation are clearly described, 
and many fully worked examples are given, so that the 
student should have no difficulty in calculating his results. 
The analysis of coal, soils, manures, water, milk, &c,, is 
included, and it seems quite probable that the book, which 
was originally written for New Zealand and Australian 
students, will be found useful in this country also. 


Aluminium Facts and Figures . London: The British 
Aluminium Co., Ltd* 19x4. 

This pocket-book contains tables showing the physical 
properties of aluminium and data relating to wires, tubes, 
rods, circles, &c., made of the metal. Some of the 
different kinds of sections which the British Aluminium 
Company can supply are illustrated, and useful conversion 
and other tableB are included. The pocket-book is con. 
veniently issued in loose leaf form, ana consists of several 
separate sections, each of which deals more particularly 
with the application of aluminium in one branch of 
industry. 
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CORRESPONDENCE. 

ANILINE DYE SCHEME. 

To fA# Editor of the Chemical News. 

Sir, — I am being repeatedly asked for my views with 
regard to the Revised Government Scheme on National 
Dyes, and as to the criticism which has been directed 
against Professor Raphael Meldola’s letter on the question 
of Science and Industry. I will deal with the Revised 
Government Scheme first. 

It may be considered, as a scheme, slightly better than 
the first proposals put forward by the Government, but 
considered from the standpoint of the Chemical and 
Allied Industries as a whole, it is no better, but worse. 

If the new Scheme is examined closely it will be seen 
that the Government are helping to create a monopoly on 
behalf of those Commercial Interests which are behind 
the Scheme, and who are anxious to obtain the Concession , 
from the Government. 

A subsidy of £100,000 is being given to the Company 
for research work, and the benefit of that work will obviously 
not be for the benefit of the Chemical and Allied Manu- 
facturers who are not interested in the Scheme. 

Broadly speaking a new Company is being brought into 
existence, concessions are being given to it, and a subsidy 
of £100,000, yet those Chemical and Allied Industries 
which have been struggling along for years with the 
adverse conditions which have existed in this country, and 
which are entitled to every consideration in the circum- 
stances, are to be ignored. The public will, I am sure, 
realise the injustice of the proposals. 

The second point to be dealt with is this, that the Com- 
mittee who are dealing with this matter at the Board of 
Trade are a Committee of Users of Chemicals and not a 
Committee of Chemical Manufacturers. Users of 
Chemicals are no doubt in a position, from the experience 
they have gained, to judge what are good Chemicals, but 
that does not justify them in assuming that they know 
how to manufacture Chemicals as well as the man who 
has devoted his life to the subject. 

To explain my point, a manufacturer of pumps cannot 
manufacture big guns and small arms. Whilst you may 
characterise both manufactures as being engineering pro- 
positions yet the technicalities involved absolutely pre- 
vents the pump maker making big guns and small arms, 
and vice versa . The whole essence of successful manu- 
facture in any given industry is experience and knowledge. 

Therefore, the proper course of procedure for the 
Government to follow is to consult with a Committee 
of Chemical Manufacturers and obtain their approval of 
any scheme which is put forward, and not endeavour to 
rush through a scheme which in all of its essentials is 
unsound and unfair to the Chemical Industry as a whole. 

In an industry the successful development of which 
requires the highest scientific knowledge, the public must 
realise that the views expressed by Professor Raphael 
Meldola are absolutely sound. Certainly the views which 
he expressed in his admirable letter in The Times are 
those which the Germans rigidly adhere to, and is 
the secret of the considerable success which they have 
achieved in this sphere of activity. 

In Germany there is the University trained Chemist for 
every fifteen men employed in the Chemical Industries, 
and the ratio covering all the industries in Germany is at 
the rate of one in forty. 

These University trained Chemists are now, by the 
experience they have gained in industry, more efficient 
than the corresponding Chemists in England. The ratio 
of the University trained Chemist to labour in England is 
one in five hundred* 

The point we now have to determine is as follows : — 

Shall we concede to Chemical Users, who by their ex- 
perience are not entitled to call themselves Chemical 
Manufacturers, the concession and subsidy which the 


Government are prepared to offer, or shall we concede 
them to the Scientific Chemist and enable him to place 
himself on an equal footing with his German competitor ? 

Obviously the Scientific Chemist will become more 
efficient with the money so placed at his disposal in a 
shorter space of time than the Woollen Manufacturer who 
is a User of Chemicals. 

The public must put a stop to the empirical methods 
which in the past have been characteristic of British in- 
dustry ; the situation is much too serious to allow them to 
proceed. Our happy-go-lucky methods, whilst they may 
have been successful in the past, will be disastrous for us 
if we continue them at the conclusion of the War.— I 
am, &c., 

(Signed) J, Taylor Peddie, 

Vice-President and Chairman. 

Institute of Industry and Commerce, 

Aldwych Site, Strand, London, W.C. 

February 4, 1915. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Comptes Rendus Hebdomad cures des Stances de VAcadSmie 
des Sciences . Vol* clx., No. x, January 4, X915. 

Determination of Saccharose in Beet Molasses. 
Method of Inversion by Double Neutral Polarisation. 
—Emile Saillard. — When Clerget’s method is used to 
analyse molasses the percentage of saccharose obtained is 
too low, owing chiefly to the presence of active nitro- 
genous substances. To eliminate the error, and also that 
due to the presence of certain salts which affect the 
rotatory power of saccharose, the author proposes a 
method of inversion by double neutral polarisation, the 
details of which are given in this paper. He determines 
the polarisations, before and after inversion, of the filtrate 
obtained from the molasses, and finds the coefficient of 
inversion by similar treatment of a solution of pure sugar 
of the same polarisation as the molasses solution. 


MEETINGS FORJTHE WEEK. 

Monday, 15th.— Royal Society of Arte, 8, (Fothergill Lecture). 
“ Motor Fuels” by Prof, V. B. Lewes. 

Tuesday, x6th.— Royal Institution, 3 “ Muade In the Service of 

Nerve,” by Prof C. S. Sherrington, F.R.K. 

Wldnesday, ryth- — Microscopical, 8. Presidential Address by Prof. 

G, Sima Woodhead, "Some of the Micxo- 
biological Pioblemn of the Parent War.” 

— Royal Society of Arts, 8. ‘‘The Decorative 

Textile Industries and the Designer*' Relation 
thereto,” by Arthur Wilcock. 

Thursday, x8th. — Royal Institution, 3. "Zoological Studies -War 
and Evolution, Nations as Species,” by P. 
Chalmers Mitchell, F.R.S. 

- — Institute of Petroleum Technologists, 8. “The 

* Cracking ’ of Oils, with a view to obtaining 
Motor Spirit and other Products,” by W. A. Half, 

Royal Society. “Gaseous Combustion at High 

Pressures,” by W. A. Bone and others. “ Orbits 
of & Charged Particle round an Electric and Mag- 
netic Nucleus," by W. M. Hicks. “ The Lunar 
Diurnal Magnetic Variation and its Change with 
Lunar Distance,” by S. Chapman. 

Chemical, 8,30. “Dielectric Constanta of some 

Organic Solvents at their Melting- or Boiling- 
points,” by J. D. Canwood and W. K. S, Turner. 
*' Preparation of Allyl Alcohol," by F. D. t-hait- 
away. “Velocities of Marne in Mixtures of 
Methane and Air," by A. Parker. 

Friday, 19th. — Royal Institution, p. “ The Visit of the British Asso- 
ciation to Australia,” by Prof. H. E. Armstrong, 

Saturday, 30th,— Royal Institution, 3. “Recent Researches on 

Atoms and Ions," by Sir J. J. Thomson, O.M. 


Liebig’s Extract of Meat Company, Ltd.— The 
directors have resolved to declare an interim dividend of 
xo per cent, free of income tax, on the Ordinary shares of 
this company, being ten shillings per share, payable on and 
after February 15 next to the proprietors of Ordinary 
shares registered on the company’s books on February 5 
and to holders of Ordinary shares to bearer, 
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SALTS COLOURED BY CATHODE RAYS AND 

THE MOLECULAR FORCE FIELD THEORY. 

By Prof. E C. C. BALY, F.R.S. 

In the Chemical News for Janaary 15 a paper was pub- 
lished by Prof. Goldstein which he delivered before 
Section A of the British Association, and in which he gave 
an account of his most interesting results obtained by the 
action of cathode rays and of ultra-violet light upon 
metallic salts. Prof. Goldstein has shown that under the 
influence of either of these agencies coloured and meta- 
stable modifications of certain salts are formed which are 
characterised by new properties. Further, it appears that 
a pure salt does not behave in this way, but that the 
phenomenon is peculiar to solid solutions. He suggested 
the name of “ distension ” for this new condition of the 
salts. I have in several recent papers (Baly and Rice, 
Chem. Soc. Traits., ci., 1475; ciii., 91,2085; Baly and 
Krulla, Ibid., ci., 1469; Baly, Phil. Mag., xxvii., 632; 
Zeit . Elektrochem ., vu., 211 ; Phys . Zeit., xiv., 893) 
developed a theory of chemical reactivity based on an ex- 
tended series of observations of the absorption spectra of 
organic compounds, and it would seem that this theory is 
applicable to Prof. Goldstein’s results, for such metastable 
conditions as described by him directly follow from this 
theory. Although the existence of these metastable phases 
has been proved in the case of many organic compounds, 
such had not been discovered in inorganic chemistry. 

It follows from the Zeeman effect, and also from the 
phenomenon known as the pressure-shift of spectrum lines, 
that the atoms muBt possess electro-magnetic fields of 
their own. When two atoms, with their electro-magnetic 
fields differing m type, are brought together, there will 
tend to form an addition complex, due to the condensing 
together of the force lines of the two fields. Within this 
condensed field potential gradients will exiBt, and if these 
are sufficiently steep, one or more electrons will tend to 
move from one atom to the other. If this take place, a 
true chemical union between the two atoms will occur. 
Similarly, when two molecules, with force fields differing 
in type, are brought together, an addition complex will be 
formed, and, subject to the potential gradients being 
sufficiently steep, there will be a transference of electrons, 
with the result that new chemical individuals will be pro- 
duced, and a chemical reaction will have taken place. 
If the gradients are insufficiently steep, the addition 
complex first formed will remain as such. There must 
exist, therefore, a complete gradation between the condi- 
tion when a chemical reaction occurs and the condition 
when the two molecular fields, owing to their being alike, 
have no mutual influence. On these lines chemical reac- 
tivity is to be traced to the molecular fields, and primary 
valency in its stoichiometrical meaning is secondary, in 
the sense that it is a resultant effect following the forma- 
tion of the addition complex. 

If the general case of a molecular force field be con- 
sidered, it is evident that if the component atomic fields 
happen to balance one another, the molecular field will 
entirely be closed. In such a case the molecule will have 
no reactivity, and no doubt this condition obtains in such 
compounds as HC 1 and NH3, which do not react when 
pure and dry. On the other hand, after the maximum 
possible condensation has taken place between the force 
lines of the component atomic fields, there may be left 
over an uncompensated balance. No doubt this condition 
is the origin of what is somewhat loosely called residual 
affinity. It follows from the foregoing that in order that 
a molecule with a closed field develope reactivity its closed 
field must be open or nnlocked. The first method of 
opening the closed fields is by dissolving the compound 


in a solvent possessing residual affinity. The free force 
lines of the solvent will interpenetrate the closed fields and 
open them, so that they can react with any other suitable 
substance dissolved in the same solvent. The condition, 
however, is a perfectly general one, for the closed fields 
maybe opened when mixed with molecules possessing 
residual affinity, independently of whether an actual solu- 
tion is formed or not. The second method of opening the 
closed fields is by the action of light. When the closed 
field molecules are mixed with other molecules possessing 
residual affinity, a type of equilibrium is set up between 
opened-up and non-opened-up molecules, and it is on this 
equilibrium that the reactivity of the system depends. 
Such a system can selectively absorb light, and the light 
in being absorbed shifts the equilibrium towards the 
reactive side — that is to say, it increases the relative 
number of opened up molecules present, a new photo- 
dynamic equilibrium being established. 

Now, by a very simple application of the energy 
quantum theory, it can be shown that the opening-up 
process of any given force field most be discontinuous— 
that is, definite stages most occur, and when a force field 
is opened up it must exist in one or other of these stages. 
Each of these stages will be able to absorb definite light 
rays, and may at once be detected and differentiated by 
the frequencies of the absorption bands which they 
originate. Further, each of these stages must possess a 
specific chemical reactivity towards other compounds, and 
in order that a molecule can enter into a specific chemical 
reaction its force must be opened up to the required stage. 

The above deductions follow simply enough from tkft m 
general theory. The existence of these stages and then % 
roduction can readily be shown by the various absorption 
ands exhibited by one and the same compouud when dis- 
solved in various solvents. It can also be shown that the 
opening up of a closed field to a definite stage is necessary 
before a specific reaction can take place. For example, 
when £-aminobenzaldehyde is dissolved m alcohol the 
solution shows a strong absorption band in the ultra- 
violet. There is, therefore, present one stage in the 
opening up of the closed field of the aldehyde formed by 
the residual affi nity of the alcohol. If to this solution is 
added a little alcoholic HC 1 (about 0*2 eq.) a marked 
yellow colour is developed which disappears on further 
addition of the acid (Baly and Marsden (Chem. Soc . Trans 
xciii., 3108). The yellow colour is due to the presence of 
a new absorption band in the visible region, and when the 
further quantity of acid is added, the absorption spectrum 
changes to that of the hydrochloride of the base. Clearly 
therefore, there exists an Intermediate stage m the reac- 
tion, in which the aminoaldehyde is converted into a 
reactive form, which proceeds, with more acid, to form 
the salt. This intermediate stage is the higher and more 
reactive stage in the opening up of the closed field, such 
as the theory prophesied. Such intermediate and highly 
opened-up stages have been found to exist in many 
reactions. 

If the reverse process be considered— namely, the con- 
densation of the atomic force lines to give the molecular 
field— it is evident that this process also must take place 
in stages. When any derivative is prepared, as it must 
indeed be prepared, from an opened-up stage of the parent 
compound, such derivative must at the moment of forma* 
tion exist in the opened-up phase. There is no reason 
why, if suitable precautions are taken, such derivatives 
may not be maintained in this metastable and opened-up 
phase. Many such metastable substances have been 
obtained in recent years, as, for example, the higbly- 
coloured, unstable forms of the nitrophenol ethers 
(Hantzsch and Gorke, Ber , } xxxix., 1073), of nitroan- 
throne (Hantzsch and Korczynski, Ber., xlii., 12x6), and 
many other compounds. All such compounds, as may be 
expected, are abnormally reactive, and change very 
readily into the ordinary stable forms. Up to the present 
the existence of this type of compound in a metastable 
condition, with its force field opened up to a relatively 
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high stage, has only been known in organic chemistry. 
Naturally they also should be able to exist in the case of 
inorganic salts, and Prof. Goldstein is the first to announce 
their discovery. Their instability and their abnormal 
selective absorptive power are the same properties as those 
possessed by their organic analogues. There seems no 
doubt that the condition named by Prof. Goldstein as one 
of distension is, indeed, the existence of the force fields 
of the salt in a higher stage of opening up than has hitherto 
been recognised. It has already been shown that the 
phenomena of the opening up of a given closed field are 
essentially connected with the presence of a solvent. Ihis 
agrees entirely with Prof. Goldstein’s observation that the 
formation of his highly coloured metastable forms of 
metallic salts is essentially a property of their solid solu- 
tions. A pure solid salt is not affected. 

One point still remains to be considered. When any 
substance absorbs light, it is obvious that, provided no 
chemical change is produced, the whole of the absorbed 
energy must again be emitted. This emission must take 
place at some frequency which is a characteristic vibra- 
tion of the absorbing system. In general this frequency 
lies in the infra-red region of the spectrum. Sometimes a 
portion of this energy is emitted in the visible region, 
when we have visible fluorescence or phosphorescence, 
In such cases, according to the energy quantum theory, 
the major portion of the energy escapes as fluorescent or 
phosphorescent emission, while the balance is still emitted 
as infra-red radiation. The difference between fluorescence 
and phosphorescence is merely a question of the velocity 
of the emission in relation to the velocity of absorption. 
If the former is much slower than the latter, the 
phenomenon is one of phosphorescence, and in certain 
cases the velocity of emission is so small that it is im- 
measurable. Such a condition involves the existence of 
the substance in one of the opened-up metastable stages 
with hifh energy content. The energy cannot escape, 
owing to the tact that the vibration frequencies at which it 
normally would be emitted are restrained. If, however, 
those vibrations are excited by the incidence of light of 
the same frequency, then the absorbed energy will at once 
escape. This phenomenon is well known, for if a poten- 
tially phosphorescent substance — that is to say, one in the 
metastable stage— is exposed to infra-red light the energy 
is rapidly emitted as phosphorescence, and the system 
returns to its normal stable condition. Exactly the same 
will occur if the metastable substance is exposed to light 
of the same frequency as the phosphorescent emission. 
It is only necessary by external means to excite the vibra- 
tion at which the absorbed energy can escape for the 
mechanism to be set in action. 

Prof. Goldstein has noted this phenomenon as being 
characteristic of his new forms of metallic salts, for they 
phosphoresce on exposure to daylight, and their colour 
begins to disappear. As shown previously, the highly 
coloured metastable salt is the normal salt with its force 
field opened up to a definite stage, such opening up being 
accompanied by an absorption of energy. The reverse 
process can only take place with evolution of this absorbed 
energy, an evolution which must occur at certain charac- 
teristic vibration frequencies. In general these vibrations 
are inactive, and so the emission of the energy is exceed- 
ingly slow, and the highly coloured salt remains in the 
metastable condition when kept in the dark. When, how- 
ever, the new form is brought into the light the necessary 
vibrations are called into play, with the result that the 
previously absorbed energy is emitted and the salt phos- 
phoresces and returns to the normal stable form. 

Prof. Goldstein’s new highly coloured salts conform, 
therefore, in every way to the deductions made from the 
force field theory, and it only remains for their abnormal 
reactivity to be proved. Whereas the existence of their 
analogues has clearly been established in organic 
chemistry, it is of great interest and importance that these 
unstable modifications have now been discovered among 
the inorganic metallic salts. 


THE SULPHATE IN RIVER WATERS.* 

(A Reply). 

By R, B. DOLE. 

Mr, H. S. Shelton, in an article in Chemical News fo* 
Dec. 24, 1914 (vol. cx., p. 307), attempts to prove that the 
determinations of sulphate in river waters made by the 
United States Geological Survey in a long series of studies 
(&ee U.S. Geol. Survey Water-Supply Papers 236, 237, 
239. 273» 274, 339, and 363) are grossly inaccurate and 
unreliable. I would not reply to his article if it were not 
for the fact that be misquotes the published account of 
the procedure used, and also casts suspicion not only on 
the reliability of all the water analyses made by the United 
States Geological Survey, but also on the reliability of all 
the rock analyses made by chemists of the world. Mr. 
Shelton’s paper contains the following statements : — 

“ The method adopted by the analysts of the U.S.A. 
Geological Survey is described in detail. The principal 
difference between the method used and that described by 
me is that, before the analysis of the dissolved matter the 
filtered water is evaporated to dtyness in a platinum 
vessel on a water-bath, and dried at 180° C. for one 
hour. Mr. Dole appears to think that the treatment is 
such as to negative my suggestion, and remarks that it 
• precludes great error by retention of silicates or organic 
compounds in the precipitate.’ * . . The suggestion 
that considerable error from retention of silicates or 
organic compounds is avoided by heating to 180° is highly 
disputable. I am, of course, aware that the silica in such 
a compound as sodium silicate is thrown into an insoluble 
form. Indeed, I am somewhat surprised that a portion of 
the aluminium is not thereby mixed with the silica. Mr. 
Dole, however, assumes too much if be states dogmatically 
that all silicon compounds are reduced to silica at that 
temperature, or that all organic compounds are decom- 
posed. Indeed, both the latter statements are obviously 
wrong. That silicates or organic compounds, or both, 
cannot survive at 180°, and cannot afterwards be precipi- 
tated by an acid solution of barium chloride is a statement 
that requires definite experimental proof.” 

This quotation includes a misquotation of my outline of 
the procedure used in the laboratories of the United States 
Geological Survey and a series of misleading comments 
on the procedure. The procedure of which Mr. Shelton 
quoted only part is as follows (Chemical News, 19 ix, 
ciii., 289): “The filtered water was evaporated to dry- 
ness, invariably in platinum on a water-bath, and the 
residue was dried at 180° C. for one hour, being subse- 
quently carbonised if much organic matter was present. 
The silica was then dehydrated by evaporation with 
hydrochloric acid, and filtered from the acid solution, Iron 
and aluminium were removed by precipitation with am- 
monium hydrate, after which the filtrate was slightly 
acidulated with hydrochloric acid, and was heated nearly 
to boiling. After excess of barium chloride in hot xo per 
cent solution had been added, the liquid was digested on a 
hot plate for at least thirty minutes. The precipitate was 
removed by filtration, thoroughly washed with hot water, 
dried, ignited, and weighed, The amount of sulphates as 
parts per million of SO4 was computed from that weight. 
This treatment certainty precludes great error by reten- 
tion of silicates or organic compounds in the precipitate.” 

Any chemist will readily comprehend that this is essen- 
tially the general procedure the world over for determina- 
tion of sulphate. The errors of the barium-chloride 
method of estimating sulphate have been investigated by 
Richards and Parker ( Proc . Am. Acad., 1896, xxxi., 67 ; 
Zeit. Anorg. Chem., 1895, viii., 413), Hulett and Dushak 
(Zeit. Anorg. Chem., 1904, xl., 196), Allen and Johnston 
(Joum. Am. Chem . Soc ., 1910, xxxii.,588; yourn.Ind. 
and Eng. Chem., 1910, ii., 196), Hillebrand (U.S. Geol. 
Survey, B ull. 422, 19x0), and many other competent 
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chemists, none of whom has attributed to it the gross un- 
reliability that Mr. Shelton insinuates* Indeed, the 
briefest review of the literature should convince the most 
captious critic that the barium-chloride method is the stan- 
dard, accepted, widely-used method for determination of 
sulphate. The procedure outlined by me and quoted 
above provides for carbonisation of organic matter, re- 
moval of silica and silicates, and removal of iron and alu- 
minium before precipitation with barium-chloride ; conse- 
quently, Mr. Shelton’s comments on bis incomplete 
quotation of the procedure are irrelevant and inappro- 
priate. 

His assumption that all the evaporations were made on 
a water bath heated by the Bunsen is unfounded. The 
water-baths in the laboratories in which most of the 
analyses were made were heated by live steam from the 
boilers in the basement. Though Mr. Shelton’s criticism 
is therefore not applicable to these analyses it may be 
added by way of comment that absorption of SO* fumes 
could hardly be regarded as a serious source of error in 
determination of appreciable quantities of sulphate. 
Warington {Joum. Chem. Sac., 1889, p. 545), to whom 
Mr. Shelton refers as authority, makes a passing com- 
ment on SOa fumes m connection with determination of 
minute traces of sulphur in rain-water, but he gives no 
figures in support of his comment, and it is extremely 
doubtful that he would consider fumes from his gas- 
burners an appreciable source of error in determinations 
involving the weighing of 10 or 15 mg. of barium 
sulphate. 

The purpose of this reply to Mr. Shelton’s criticism has 
been to refute his charge that determinations of sulphate 
in water by chemists generally and by those of this Survey 
in particular are grossly inaccurate. It might be added 
by way of suggestion that Mr. Shelton investigate his 
alleged “discrepancy” by comparing the chemical com- 
position of the river waters not only with the chemical 
composition of the crust of the earth but also with the 
composition of that part of the crust that is now subject 
to the disintegrating action of water, and further that he 
consider not alone the absolute quantities of the chemical 
constituents in the crust, but their relative solubility as 
well. 


THE LATER RESEARCHES ON ANTHOCYAN. 

By P. Q. KEEGAN, LL D. 

In 1911 V. Grafe and Combes expressed the opinion that 
there cannot exist a special chromogen of anthocyan, and 
this pigment is formed complete in all parts on the spot, 
and does not result from the simple oxidation of pre- 
existing substances. Combes states that in the leaf 
soluble sugary compounds accumulate in notable quantity, 
and thereby the process of oxidation becomes more 
aotive, and new phenolic compounds of a vivid red-violet or 
blue colour (anthocyans) are now formed. I think that 
this sudden appearance of sugars or glucosides in the 
autumn leaf or petal is very doubtful, and even if it did 
happen it would not intensify the respiration one jot, and, 
moreover, there is stronger reason to conclude that the 
autumn erythrophyll does spring from a precursory 
chromogen than there is with regard to the chromogemc 
origin of the floral anthocyan. The old tinted leaf 
invariably contains uncoloured tannin, whereas in certain 
blue perianths tannin seems to be completely absent, the 
oxidation there being at times far more intense than it ever 
is in the leaf-intense enough apparently to completely 
destroy any tannoid or tannin that had ever been formed 
in the petals. The clearest indication that anthocyan is 
derived from a pre-existing chromogen seems to lie in the 
fact that in numerous cases the tannins of the plants by 
suitable treatment can be induced to assume a tint in solu- 
tion which is absolutely comparable with that which the 
petals themselves exhibit in their natural condition ; for 


instance, the flowers of species of rhododendron, geranium, 
primula, rosa, and many others* There are cases, such as 
hyacinth, where the plant produces no tannin in any of its 
organs, but here again the floral pigment is strictly in 
accordance with the tannic chromogen that is produced by 
some of its congeners in their leaves or other parts. At 
all events there is conclusive evidence to prove that the 
protoplasm, however highly oxidised, which produces 
habitually and naturally a certain kind of tannin cannot 
and does not produce any or every kind of pigment in the 
corolla, and in this sense it may be held that there does 
decidedly exist a special chromogen of anthocyan ; that is 
to say, in the formation of the original blue, certain 
aromatic nuclei are deassimilated which are not similar to 
those aromatic nuclei deassimilated in the formation of the 
original red. Moreover, according to some colour reac- 
tions, there exists in the deeper tinted petal less of the 
residuary tannic chromogen than in the paler petal, 
showing apparently that in the former case it has been 
nearly all utilised. In the deep tinted petal there is, as 
a rule, tannin and no flavone ; in the pale petal there is 
flavone and no tannin ; hence on an increased intensity of 
oxidation the tannin, being there, is at once oxidised to 
anthocyan, whereas if no tannin is present it would have 
to be first produced in limited Quantity, and hence the 
total effect of the oxidation would be lessened, and a much 
paler tint would be the inevitable result. In some 
Leguminosse, however, where no tannin is formed, the 
avidity for nitrogen is so ardent that oxidation rises 
extremely high, and deep purples may be developed. 

It has been stated by other authors that “ chromogens 
of more than one kind exist in the different coloured 
varieties of stocks (Matthiola), or one chromogen is 
present associated with substances which determine the 
colour of the oxidised product of the chromogen.” The 
varied colours are canary yellow, scarlet, blood-red, purple, 
azure-blue, &c. As no tannin is produced in the vegetative 
organs it follows that the chromogen of anthocyan is in 
this cate organised in the floral parts alone; it is 
solely under the dominion of the organic requirements of 
neighbouring cells. It is not the associated substances 
which alone determine the depth or the character of the 
soluble pigments of the corolla, and there is only one 
chromogen so far as these are concerned. The variation 
in the colours depends entirely on the lesser or greater 
needs of the reproductive organs, and these needs Boem in 
this genus to be impressed upon the seeds of the different 
varieties with a truly surprising constancy. It is very 
probable that the volatile oil present in the petals sup- 
plies by its oxidation the acid necessary to effect the 
change from blue to red. Another statement, that “ as 
the water decreases in the petal cells the reducing agents 
of the cell become active and oxydase becomes inert,” 
does not seem correct m view of the fact that after a 
spell of unusually dry and hot weather many white 
flowers, such as hawthorn, viburnum, deutzia, cow- 
parsnip, &c., assume a very pronounced red tint. This 
reddening effect may be due to the increased intensity of 
the sunlight, but light combats the tnrgescence of the 
epidermal cells of the corolla, and hence according to the 
quoted statement if ought to depress or destroy the 
oxydasic activity which is supposed to develop the red 
tint, the real cause of which is probably the removal of 
the air which in ordinary weather fills the intercellular 
spaces. I need not specially refer to Gautier’s recent 
references to the specific pigments proper to each of the 
numerous races of the grape-vine, all of which pigments 
have a similar structure, viz., are feeble polybasic acids 
derived from the union to a trivalent radicle of three 
branches of polyphenol partly carboxylated (like aurine or 
fuchsine); nor to Willstatter’s opinion (Lit big's Ann 
1913) that the blue pigment of centaurea is a salt of 
a glucoside having three CO groups. 

With regard to the chemistry of the chromogen, it is 
evident to me by the very tone and aspect of the soluble 
pigment produced that the precursor of the red must con- 




88 


Chemical News, 
Feb. 19, 1915 


Steel Industry-— Opportunities for Britain. 


tain many more reactive groups such as methylene CH 2 , 
carbonyl CO', &c., than that of the blue. Strongly reactive 
phenols like phloroglucol, a conjugated or a " crossed 
system * of double linkings, or a condensation with elimina- 
tion of oxygen, would obviously be fatal to the placidity 
and uniformity of a genuine cold and retiring blue. A 
chromophore either present or readily forthcoming, and an 
efficient number of auxochrome groups in proper positions 
would undoubtedly be indispensable. All these conditions, 
positive and negative, are fully satisfied apparently in the 
case of caffetannin. It behaves like a / 3 -ketonic acid, it has 
no CO group or ethylene compound, has six HO groups, 
is not a glucoside, and is a kind of “ lakey ” combination 
of two molecules of cafeic acid with two molecules of 
quinic acid plus one molecule of water. Thus there are 
three hydroxyl groups in the ortho position and two in the 
para position relatively to one another ; there is also a 
lateral group of three carbon atoms, viz., CH « CH.COOH, 
showing a definite relationship to cinnamene, 
CgHsJCH - CH a ). The quinic acid residue very readily 
yields a CO group, but there are only two other very 
reactive CH a groups in the molecule of this tannin, so 
that altogether, while it is quite sufficiently though not 
extravagantly endowed with chromophoric groups, the 
presence of numerous and well placed auxochromes 
enables it to function as a very efficient chromogen of the 
softer and colder colorations. Its approach to cinnamene 
and to quinol, and its avoidance, as it were, of the highly 
reactive phloroglucol as a phenolic basis or nucleus, 
enable it on slight changes of its molecular structure to 
escape the grave disturbance and discoloration attendant 
on the formation of phlobaphene. In fact, to anyone 
sufficiently acquainted with the general reactions of the 
phloroglucol tannins as distinguished from those of caffe- 
tannin, it will appear perfectly evident that the chroraogeoic 
agency or activity of the latter must inevitably be of a 
much milder and " cooler ” type than that of the former. 

The views expressed in the preceding paragraph may 
seem to be based on some ill-digested theory or fanciful 
hypothetical assumption, but as a matter of fact they are 
absolutely not so in the slightest degree ; they have really 
and naturally sprung up as the result of a studied con- 
templation of the facts. It was not long after a course of 

S ractical analysis of many common wild plants that it 
ecame increasingly evident to me that a true blue flower 
was invariably associated with a mildly reacting tannin 
which, on boiling with dilute mineral acid for a few 
minutes, gave no bright or muddy reddening of the liquid 
followed by a red-brown precipitate on cooling, At first I 
was misled by Stein’s statement {1863) that “ the blue pig- 
ment was none other than the saline (calcium) compound 
of the red matter, which appears to be paracarthamin,” but 
I soon worked myself out of this fundamental error, and 
gradually grew convinced that it was only one kind of 
tannin that could possibly create an original true blue, and 
that this effect depended entirely on the constitution of the 
chromogen itself, and not at all on an incidental com- 
bination thereof with an alkali. Even in 1832 De 
Candolle stated that the red of hydrangea belongs certainly 
to blue ; i.e, t its chromule was less oxidised or more car- 
bonated, while the red of rose belongs to the more 
oxidised (xanthic) series. He was, of course, not then 
aware of the grave differences as respects reactivity which 
the chromogens of the original pigments of these two 
flowers exhibit ; but his statement nevertheless is highly 
significant, inasmuch as it demonstrates that even, thus 
early, observers were to be found who were acute enough 
to be able to detect the distinction between an original pig- 
ment and a non-original one. 

Some of the later researches on anthocyan seem to be 
distinguished by a frantic attempt, begun in 1905 by 
Molisch, to obtain what was considered to be the pure pig- 
ment in a crystalline condition. Then also the highly 
confusing hypothetical subject of oxydases was introduced 
and brought to bear upon the origin of the floral colour or 
pigment. The result has been a tremendous amount of 


work leading to little or no definite conclusion. A sum- 
mary of my own conclusions may be condensed as 
follows 1— 

1. Plants producing phloroglucol tannins yield original 
reds only; plants producing caffetannin yield original 
blues only. 

2. Plants producing gallotannin seem inclined (owing to 
less acid) to display vivid violets or warm purplish blues 
according to circumstances, but never cold true blues. 

3. There is only one anthocyan pigment in plants pro- 
ducing caffetannin ; the red on stem or petal is here due to 
acid only, 

4. Yellow flowers are due to carotin or its diffused 
oxidised product (xanthophyll), and very rarely to a 
flavone. 

5. The white flower very often encloses a very dilute 
solution of anthocyan, but is due chiefly to the circum- 
stance that intense deassimilation has not been occasioned 
in the corolla, because the nitrogen needed by the re- 
productive organs has been fully supplied from sources 
other than the inflorescence. 

6. Grafe’s opinion that “ a special chromogen of 
anthocyan cannot exist” is incorrect so far as the specific 
hereditary tendency of the protoplasm to form certain 
kinds of tannin is concerned. 

Patterdale, Weatmoreland. 


STEEL INDUSTRY. 
OPPORTUNITIES FOR BRITAIN.* 

t toy WILLIAM LORIMER, LL.D , 

Chairman of the Steel Company of Scotland, Ltd., Chairman North 
British Locomotive Co , Ltd. 


The war is affecting practically every industry in the 
country. In some cases its influence may be temporary, 
while in others it may be permanent. The purpose of this 
article is to inquire what is likely to be its effect— favour- 
able or the reverse-on the steel trade of Great Britain, 
and whether it will provide an opportunity for regaining 
some of the markets which have been lost in recent yearn. 

The outpul of the principal steelmaking countries of the 
world in 1913 was an follows, staled in millions of tons per 
annum— * 

United States .. .. 2 \ million tohs. 

Germany rh million tons. 

United Kingdom . . 7 million tons. 

Russia.. 4 million tons. 

Austria-Hungary 3] million tons, 

Belgium 2j million tons. 


. . — : ~ » oMBwpiuuucing country, ana 

though its output is small In comparison with the above 
figures, it is increasing and will become important. A 
beginning has also been made with the production of steel 
m India and Australia, while one of tfie largest and most 
valuable deposits of iron ore in the world is now being 
worked in Newfoundland. 8 


continental Production, 

The two countries which have increased their produc- 
tion most rapidly during the past five years are Germany 
and Russia. In both there has been erected recently new 
whicfe was not working up to its full capacity prior 
SrvJlSi!*?* Germany s chief sources of ore supply are the 
Mmette deposit in Lorraine and Luxemburg, east of the 
Moselle and north of Metz. This deposit is phosphoric, 

bas d ic° nSeqUent y the great bUlk ° f the German 5 

was t n ?{ known that this deposit was to any 
great extent workable beyond the boundaries of that por- 
tion of Lorraine which was annexed by Germany. It is 
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now known that French Lorraine contains a larger quantity 
of rather better quality than German Lorraine, the ap- 
proximate figures being— 

French Lorraine . . 3000 million tons. 

German Lorraine . . 1800 million tons. 

Luxemburg . . . . 250 million tons. 

The discovery in 1877 of the basic process of steelmaking 
gave an immense impetus to the development of this 
deposit, and the output of German Lorraine rose from 
about one million tons in 1880 to about 30 million tons in 
1913. The development of the deposit in French Lorraine 
has been very rapid recently, and the output in 1913 was 
about 15 million tons, large quantities of which were ex- 
ported to Germany and Belgium. Germany also im- 
ports about xo million tons of ore from other sources, 
chiefly cheap qualities of phosphoric hematite. It will be 
seen from this that should Germany, as a result of the 
war, be compelled to surrender Lorraine to France her 
sources of ore supply will be seriously affected, and the ' 
cost of her purchases will, in all probability, be consider- 
ably increased. At present the whole area of the Minette 
deposit is withtn the German lines. 

Germany has also large reserves of coal, which have 
been rapidly developed during recent years, and in many 
cases ti he steel companies own their own collieries. They 
have also developed in a marked degree the system of 
utilising the waste gases from coke ovens and blast fur- 
naces in the process of steel manufacture, and by this 
means they have reduced the consumption of coal per ton 
of steel to a minimum. 

The United States have enormous supplies of cheap 
fuel, and also large supplies of fairly high-grade ores, 
which, although seldom found in proximity to the steel 
works, are developed on a very large scale with special 
^arrangements for economical transport, so that as yet 
comparatively small quantities of ores have been imported. 
About one-half of the steel produced in the States is acid 
and one-half basic. 

The increase in the production of steel in the United 
Kingdom in recent years has been relatively insignificant 
as compared with the United States or Germany. In 
steelmaking, as in so many other industries, Great Britain 
has been a pioneer. We began years before the basic 
system was invented, and thus have relatively a much 
larger proportion of our plant devoted to the manufacture 
of the purer and costlier acid steel than any other country 
in the world. 

Supplies of Ore . 

Our output of acid steel has remained practically sta- 
tionary for the last ten years, being round about four mil- 
lion tons per annum, while our output of basic steel has 
increased from one million to about three million tons. 
The primary reason for the absence of growth in the pro 
duction of acid steel is the difficulty of getting, at a low 
enough price, increased quantities of the pure ores practi- 
cally free from phosphorus which are ^necessary for its 
manufacture. On the other hand, deposits of phosphoric 
ore are found in all parts of the woild, and as many of 
them are of vast extent, they can be worked cheaply, so 
that basic steel can be produced at a considerably lower 
cost than acid steel. 

In the United Kingdom there are large reserves of low- 
grade phosphoric ores containing less iron than the 
Minette deposits of Lorraine, but they are somewhat 
scattered and are not always near the coalfields or near 
existing steel works. , . . . . 

There are also large reserves of coal, but the cost of 
production of coal, as will be noticed later, haB risen very 
seriously in recent years, and as many of the companies 
producing steel ate comparatively small, and have to pay 
their pig-iron and coal, it has not been possible to utilise 
waste gas to the same extent as in Germany. Then the 
wages paid to certain groups of workmen are very high, 
and no adequate allowance has been made, m fixing 


wages, for increased facilities for cheapening production. 
These factors, combined with the National Insurance Act, 
the Mines Regulation Acts, and similar legislation have so 
enhanced the cost of production that foreign competition 
has become increasingly difficult to meet. 

In Russia there are large quantities of both ore and 
coal, and the principal development has been near the 
Black Sea. The home market is highly protected, and as 
yet comparatively small quantities have been available for 
export. 

France, while rich in iron ore, is comparatively poor in 
reserves of coal. During the past five years there have 
been considerable developments of iron ore mines in the 
West of France, partly controlled by German firms, while 
quite recently French firms have acquired large interests 
in the newly discovered coalfield in Kent. 

Austria-Hungary is relatively poor in both iron ore and 
coal reserves, nevertheless a considerable amount of 
modern steel plant ib operated. 

Belgium has not much coal and very little ore, bat con- 
siderable supplies are drawn from Luxemburg, just across 
the border, and there are extensive modern works near 
Liege. There are considerable deposits of ore in the 
Belgian colony in the Congo, but the operation of these 
will probably belong to the time when we shall have to 
draw our supplies from the Southern Hemisphere. 

Germany Preparing . 

At the outbreak of the war the steel trade was nowhere 
good, but it was better in Germany than in Great Britain. 
Various causes had been in operation to produce this 
result. As we know now long preparation has been made 
for “The Day,” and this mvolved the manufacture of 
enormous quantities of war material for use by land and 
sea. Germany’s home market is secured to its manufac- 
turers by high protective duties. It is of course a truism 
to say that a maximum output can be produced at a much 
cheaper rate per ton than a minimum, and the application 
of this principle, combined with remunerative prices ob- 
tained for work for the home market, has enabled the 
German manufacturers to make a fairly successful effort 
to capture our export trade and to obtain a footing in our 
home markets. 

This effort has been carefully and systematically or- 
ganised by a syndicate of manufacturers, who, no doubt, 
allot the foreign orders to the works best suited to execute 
them at the lowest cost. This can be done much more 
easily than would be possible in Great Britain in existing 
conditions, for an outstanding feature of the German steel 
industry is that it is controlled by a very few large com- 
panies. Incidentally it may be remarked that anti trust 
legislation has probably checked to some extent similar 
methods of combined action in the United States. For 
some years prior to the war the available plant in that 
country was not working up to its capacity, and the in- 
crease in production has not been relatively as large as 
that of Germany. 

Immediately before the outbreak of the war the steel 
trade of Great Britain was in a very unsatisfactory condi- 
tion. At the beginning of 19x2 activity In the shipbuilding 
and other trades had created a good demand for steel in 
all parts of Europe. Unfortunately for us it happened 
that coincidently with this occurred the national coal 
strike, which stopped production for two months, and had 
very far-reaching effects. When the coal strike was 
settled great pressure was put on the steel work for de- 
liveries, and while arrears were being worked off prices 
were maintained at a high level. At the same time, how- 
ever, the pressure for deliveries on German works was 
never so great, and quite a number of new plants were 
put to work. The result of these conditions was that 
large quantities of German material were contracted for by 
Brilish consumers of steel, and by the middle of 19x3 
British mills were short of orders and could only be kept 
going on a very much reduced output, 
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British Difficulties . 

The increased purchases from Germany at this time 
were perhaps, in the circumstances, inevitable, but 
probably few realise how unfavourably our position in in- 
ternational competition has been affected by this strike 
and by the legislation already referred to. The most 
serious feature of our present position is the increased cost 
of production. To take one item only. If we compare 
the year 1904 with the spring of 19X4 it will be found that 
for the manufacture of one ton of acid steel plates made 
in Scotland from ores imported from abroad the cost of the 
coal used has been increased by no less than X4B. 6d. per 
ton of plates. This result has been arrived at in spite of 
improvements in plant reducing the consumption of coal, 
and as a matter of fact the small output during the spring 
of 1914 just about neutralised the effect of the improve- 
ments. 

Immediately on the declaration of war not only was 
there an instant cessation of imports of German steel into 
this country, but German exports to neutral markets were 
also stopped by the closing of German ports. As our own 
ports were open and the seas practically clear it looked as 
if the world’s business in steel might be shared by ourselves 
and the United States, but it quickly became evident that 
there was no export business for either country. The 
magnitude of the struggle and of the interests involved so 
dislocated international finance that international business 
was paralysed, and therefore while there was great 
activity in the production of war material, exports of steel 
of the ordinary kind were almost entirely suspended. The 
financial arrangements of the Government have, however, 
proved very effective, and within the past few weeks there 
has been a greatly improved demand for steel for export, 
while the numerous shipbuilding orders recently placed 
have increased the demand for home consumption. 

The Commercial Intelligence Department of the Board 
of Trade have issued a series of memoranda showing the 
extent of German trade in neutral markets and the 
openings they afford for British manufacturers, and it is 
to be hoped that they will receive the full and careful study 
which they deserve. Even in respect of the steel trade 
alone the details are too numerous to permit of their 
being; embodied in this article, but one or two figures may 
be given. 

The value of iron and steel plates and sheets exported 
by Germany in 1912 was £3,523,000, of which over half a 
million was imported into the United Kingdom, about 
half as much was sent to India and the Dominions, and 
the rest to neutral markets. British exports in the year 
X913 amounted to £2,813,000. 

Germany’s exports of rails in X912 amounted in value to 
£2,900,600, of which £i2g,9oo represented imports into 
the United Kingdom, and £205,300 into India and the 
Dominions. British exports in 19x3 amounted to 
£3i457»8oo. Of railway wheels and axles complete and 
tyres and sxles loose Germany exported in 19x2 
£1,377,000, of which the United Kingdom took £40,000 
and India and the Dominions £349,000. For the year 
xgi3 British exports amounted to £1,2x0,000, of which 
India and the Dominions took £783,000. 

British Opportunities* 

These are only a few of the figures which might be 
enumerated, and it is obvious that they indicate a most 
valuable opportunity for largely increasing our export 
trade. Some of the countries referred to as neutral 
markets are no longer neutral, for they include our Allies 
—France, Russia, Belgium, and japan— and they also 
include such friendly countries as Italy and Roumania, 
who must resent, ind jwill continue to resent, the eco- 
nomic pressure to which German policy has subjected 
them. 

Such trade as these countries can meanwhile afford 
must almost of necessity come to us, but we ought to 
make it our business to retain it in the future. How is 


this to be done ? One thing we ought emphatically not 
to depend on is sentiment. Ho doubt it will help us for a 
time, but it would be weakness and folly to trust to it 
permanently. 

The Government of the Commonwealth has forbidden 
Government purchases from Germany in the future, and 
that is probably indicative of the feeling that will prevail 
among our Dominions and Dependencies. But we have 
to think of the ordinary consumer, who is an important 
factor in the maintenance of this industry. At present he 
is a sincere and full-hearted patriot, but “ when the hurly- 
burly’s done, when the battle’s lost and won,” and he 
settles down to the old conditions of peaceful trading, it 
will be in no way surprising if bis love for the cheapest 
market so revives that if patriotic sentiment were put in 
one scale and half-a-crown a ton in the other the former 
would kick the beam. 

In considering, then, what is to be done let it be clearly 
understood that nothing is imported into this country 
which cannot be equally well made here, and that every 
neutral market in the world is open to us at a price. The 
one essential factor in the extension and retention of our 
trade is a reduction of costs, both in production and in 
distribution. With respect to the latter the German 
system is one of combination as against our system of in- 
dividualism, and it has certainly produced striking results. 
It will be well worth while for our own manufacturers to 
consider the feasibility of a closer alliance of the present 
producing companies, so that orders for all classes of 
steel may be executed at the mills best suited for the 
various products. Such an alliance would facilitate the 
creation of a better selling organisation, and it should 
keep its members in close touch with the official British 
Trade Commissioners settled in all parts of the world, who 
are eager to help British manufacturers and who are 
constantly rendering valuable assistance to all who apply 
for it. 

With respect to reduced cost of production, while, as 
already indicated, the conditions at home are not so 
favourable as in Germany for the utilisation of waste gas, 
still, wherever this and the utilisation of exhaust steam 
are possible, the subject should have the most careful con- 
sideration. 

Attitude of Trade Unions , 

With regard to wages, manufacturers have not been 
quite fairly treated by the trade unxons. When the making 
of open-hearth steel began a 25-ton furnace was a laige 
one, and the wage rate per ton was fixed on this basis. 
Now furnaces of 60 tons capacity are quite common, but 
the rate per ton remains the same. But wages are either 
high or low only relatively to production. American 
wages are the highest in the world, but they are really 
lower than ours in relation to the output of the mills and 
furnaces. A sustained maximum output will reduce costs, 
will provide high wages, and will ensure employment ; for 
only through full economic production can demand be 
regularly maintained. Restriction of output is unsound in 
principle and mischievous in its effect on employer and 
workman alike. 

There are large markets open to us in Norway, Sweden, 
the Netherlands, and Switzerland. Hitherto these have 
been almost monopolised by Germany. In Russia, Italy, 
Japan, and our own Dominions Germany’s predominance 
is much less marked, but it has nevertheless a very con- 
siderable share of the trade which the sympathetic feeling 
of the allied and friendly countries should make it easy for 
us to capture, if sufficient energy is displayed and if rea- 
sonable prices are quoted. A manufacturer will naturally 
and properly seek to obtain a reasonable profit on his 
costs, but these should be costs determined not by the use 
of obsolete plant but of an equipment designed and in- 
tended to produce the most economical results, so that if 
present exigencies give him admission into new markets 
he may in the future be able to retain them on his 
merits. 
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Defective Business Methods . 

Daring the past two years I have been in many parts of 
the world and have heard complaints of our business 
methods constantly repeated. These may be stated here, 
though they are not applied exclusively, or even specially, 
to the steel trade. For instance, Colonial and foreign 
buyers complain that the British manufacturer will not 
supply what they want, but what he thinks they should 
use, because it is what he is in the habit of making. He 
would do better to act on the principle that it is his busi- 
ness to supply as cheaply as possible what the world’s 
markets require, not something else and not necessarily 
something better. 

Then, again, if a man wants to buy at a price per kilo 
instead of per ton, why put any difficulty in his way? 
Nothing more is involved than a simple calculation. Or 
if he wishes to pay in francs, in roubles, or in dollars, why 
not ? It is simply a question of exchange. His catalogues 
and price lists ought to be prepared in the language of the 
country to which they are to be sent, and while currency 
varies nearly everywhere he should be prepared whenever 
necessary to express his measurements in metrical di- 
mensions. The point is that we ought to adapt ourselves 
to the buyer’s conditions and make it easy and not difficult 
for him to do business with us. 

Preparation should be made not only for an early future 
but for a future more remote. As it was in 1870 and 
afterwards so it is likely to be again. When the war ends 
there will be much wastage which will have to be replaced 
in our Navy and in our mercantile marine, although if the 
German Fleet is handed over to us as part of our in- 
demnity the expenditure necessary on our Navy will be 
materially reduced. But all this frightful expenditure 
by the nations involved, in men and in money — 
an expenditure which is producing no economic 
return— will impoverish the world for years. Re- 
munerative expenditure and all expenditure not 
imperative must be curtailed until the capital destroyed 
is, at least in part, replaced, and therefore while we may 
„ expect a great outburst of trade at the close of the war, it 
will probably be followed by a period of restricted demand 
and keen competition. Let this be kept well in view in all 
preparation for the future. 

I am much indebted to my friend and colleague, Mr. 
Wallace Thorneycroft, far the trouble he has taken in 
collecting for me the statistical information contained in 
this article. 


ON THE ACTION OF LEAD, COPPER, TIN, 
NICKEL, ZINC, AND ALUMINIUM ON WATER. 

By Dr. W, P. JORISSEN, The University, Leiden, Holland. 
(Continued from p. 80). 


13. Lead. 

About the corrosion of lead the same introductory 
remarks may be made as in the case of tin. The electro- 
chemical potential is 0*151 volt, the overvoltage according 
to Caspario 0*64 volt, according to Mott 0*50 volt. Con- 
sequently a liberation of hydrogen from dilate sulphuric 
acid and other acids is not to be expected. However, in 
the presence of air oxidation of hydrogen on the surface of 
the metal takes place, the catalytic influence of the metal 
being considerable (Note 85). 

The action between lead and water containing air has 
been studied extensively (Note 86). Th. Paul, W. 
Ohlmuller, R. Heise, andFr. Auerbach (Note 87) especially 
have chosen a more systematio way of trying to solve the 
problem than their predecessors. Their experiments have 
been continued by M. Pleissner (Note 88). He observed 
that water wholly free from carbonic acia but containing 
much solved oxygen generated at first a brown film, then 
a greenish yellow powder, PbO (solubility at 18 0 0*31 
miuimoL Pb per litre - 64 mgrms. Pb * 69 mgrms. PbO), 


In water, containing air free from carbonic acid, a white 
hydrate, (PbO) 3 .H a O (solubility at 18 0 0-45 miilimol. Pb 
per litre * 93 mgrms. Pb - about 100 mgrms. PbO), and 
perhaps other hydrates are formed. 

The presence of carbonic acid considerably lowers the 
percentage of dissolved lead according to the experiments of 
Paul, Ohlmuller, Heise, and Auerbach. For instance, when 
the water contained about 40 mgrms. carbon dioxide and 
about 8 mgrms. oxygen per litre, only about to mgrms. Pb 
per litre were found, a basic carbonate being probably 
formed (the solubility of the normal carbonate is o 0002 
miilimol. » 0*04 mgrm. Pb per litre). 

When sodium bydrocarbonate is added, the quantity of 
dissolved lead is still further reduced. In a solution of 
8—9 mgrms. oxygen and 35 mgrms. NaHC0 3 per litre 
only o 6 mgrm. Pb per litre was found (at 18 0 ). Carbonic 
acid causes this quantity to increase. In water containing 
per litre 8*3 mgrms. oxygen, 35-3 mgrms. NaHC0 3t and 
32 - 33*4 mgrms. C 0 3 , about 1 mgrm. Pb (at *8°) appeared 
to be present, 

Suppose— for simplicity’s sake— the solution to be 
saturated with PbC 0 3 (Note 89). Then we have the 
equilibrium— 

PbC 0 3 (dissolved Pb*'+C 0 3 " 

it 
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Consequently, v . ^ . 

(PbC 0 3 ) is constant, (PL , . ^ 
product, as a rule, represented 

From (Pb”) « ~~ it follows that the quantity of 

kaddjssolved in the water will decrease when Na a C 0 3 or 
NaHC 0 5 is added. s 

If carbonic acid is also present, we have to take into 
consideration the equation — 
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meaning that the quantity of lead in the solution will be 
increased by adding carbonic acid and diminished if 
hydrocarbonate be added. 

As lead sulphate is much more soluble than lead 
carbonate (solubility at 18 0 0*126 miilimol. PbS 0 4 per 
litre -38 mgrms. PbS0 4 -26 mgrms. Pb) Paul, Ohlmuller, 
Heisse, and Auerbach also investigated the influence of 
sodium sulphate. When at a temperature of 18 0 about 
8-5 mgrms. oxygen, 35*5 mgrms. NaHC 0 3 , 71 mgrms. 
Na 3 S 0 4 , and 33*8—347 mgrms. CO* were present per 
litre, a quantity of about 3 mgrms. lead was found per litre. 

Although the quantity of Pb-ions cannot be increased by 
adding N a 2 S 0 4 or PbS 0 4 , as it only depends on the least 
soluble lead salt (viz., PbCOs), *e total quantity of dis- 
solved lead increases in consequence of dissolving PbSOj- 
molecules. 4 

As lead chloride is again much more soluble than lead 
sulphate (solubility at 18 0 33*6 miilimol. per litre - 0-54 
grms. PbCl a - 6*955 gtm*- Pb) the total quantity of dis- 
solved lead will increase if a chloride be added. 

In the extensive literature mentioned in the publications 
referred to in Note 86 many observations are to be found 
about the influence of dissolved substances in water con- 
taining air (drinking water, &c.) on the corrosion of lead. 
But the results often seem to contradict one another. 
Although a systematic investigation on the influence of all 
the substances found in varying quantities in different 
waters would of course add much to our knowledge of the 
solubility of lead in these waters, it would not be easy to 
predict from the analysis of some water or other its con- 
duct towards lead. In practice it will be much easier and 
more reliable to make an accurate experiment with the 
water in question. Only then will it be possible to folly 
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imitate the circumstances under which the said water will 
come in contact with the lead to be used, pure or not 
(Note go). 

It may be remarked that in the experiments of Paul, 
ChlmUlIer, Heise, and Auerbach and those of Pleissner 
stress is laid principally on the quantity of the lead com- 
pounds which dissolve in the water which is brought in 
contact with the lead. About the rate of oxidation of lead 
in contact with salt solutions of different composition and 
its dependence on this composition very little is known. 
This is also the case with the circumstances under which 
a protective layer is sometimes formed on the lead and its 
dependence on the composition of the water. Perhaps in 
this process some part is played by passivity. 

According to Galdensteeden Egeling and M. Muller 
(Notes gx and ga) only the hydrocarbonates are able to 
generate a protective layer ; others, for instance, 
Kfihnemann (Note 93), are of opinion that sulphates also 
act in this way (Note 94). 

Notts. 

85. Sackur, Arb. Kais. Qesundh ., amte xxii., 305, 1905. 
See for the formation of hydrogen peroxide during the 
oxidation of lead amalgam in the presence of dilute sul- 
phuric acid, F. Schdnbein, yourn. Prakt. Chem., 1864, 
xciii., 25. 

86. See the literature mentioned by G. Wolfhfigel, Arb. 
Kais. Qesundh amte ii., 146, 484,* and by Kiihnemann, 
Viertelj. schr . /. ger. Med , u. offentl. SanitUtsw ., 1904, 
xxvii., 314; also Woudstra and Snuif, Chem , Weekbl 
1913, 447, 1013 ; Meerburg, lbid. t 1912, 494. 

87. Arb. Kais . Qesundh mate xxiiL, 333, 1906, also 
published separately. 

88. Ibid., 1907, xxvi., Heft iii., also published separately, 
“ Ueber die L6slichkeit einiger Bleiverbindungen in 
Wasser.” 

8g. When a basic carbonate is present instead of this 
normal carbonate, the reasoning is the same; in which 
case, of course, the concentration of the OH-ions also 
figures in the solubility product, and there will be the fewer 
Pb-ions, in proportion as the concentration of the OH- 
ions will be more considerable. 

90. Vide also the communications by J. W. de Waal, 
Chem. Weekbl igog, vi., 987, who also mentions my 
advice. About an accelerating influence of the presence 
of some tin, see Ibid., 1912,45^. For the manufacture 
of the so-called composition pipes as a rule very impure 
lead is used. Both the outside and the inside of the pipe 
are coated with a film of tin. 

91. Pham . Weekbl 1904, 561. 

ga. yourn. Praht. Chem., 1887, xxxvi., 317. 

93. Viertelj. schr . f. ger. Med. n. dffentl. Sanitdtszv 
1904, xxvii., 314. 

94. Compare the above mentioned solubilities of lead 
carbonate and lead sulphate. 

(To be continued). 


SOME ASPECTS OF INDUSTRIAL CHEMISTRY,* 
By L. H. BAEKELAND, Sc,D. 

(Continued from p. 83). 

Here, then, is a very well worked-out process, admir- 
ably studied in all its details, which, in its heroic struggle 
for existence, has drawn upon every conceivable resource 
of ingenuity furnished by the most learned chemists and 
the most skilful engineers, who succeeded in bringing it to 
an extraordinary degree of perfection, and which, never- 
theless, has to succumb before inexorable, although 
seemingly secondary, conditions. 

Strange to say, its competitor, the Solvay process, en- 
tered into the arena after a succession of failures. When 
Solvay, as a young man, took up this process, he was, 

* The Chandler Lecture, Columbia USA., 19:4. 


himself, totally ignorant of the fact that no less than 
about a dozen able chemists had invented and reinvented 
the very reaction on which he had pinned his faith ; that, 
furthermore, some had tried it on a commercial scale, and 
had, in every instance, encountered failure. At that time, 
all this must, undoubtedly, have been to young Solvay a 
revelation sufficient to dishearten almost anybody. But 
he had one predominant thought to which he clung as a 
last hope of success, and which would probably have 
escaped most chemists ; he reasoned that, in this process, 
he starts from two watery solutions, which, when brought 
together, precipitate a dry product, bicarbonate of soda ; 
in the Leblanc process, the raw materials must be melted 
together, with the use of expensive fuel, after which the 
mass is dissolved in water, losing all these valuable heat 
units, while more heat has again to be applied to evaporate 
to dryness. 

After all, most of the weakness of the Leblanc process 
resides in the greater consumption of fuel. But the cost 
of fuel, here again, is determined by freight rates. This 
is so true that we find that the last few Leblanc works 
which manage to keen alive are exactly those which are 
situated near unusually favourable shipping points, where 
they can obtain cheap fuel, as well as cheap raw materials, . 
and whence they can most advantageously reach certain 
profitable markets. 

But another tremendous handicap of the Leblanc pro- 
cess is that it gives as one of its by-products, hydrochloric 
acid. Profitable use for this acid, as such, can be found 
only to a limited extent. It is true that hydrochloric acid 
could be used in much larger quantities for many purposes 
where sulphuric acid is used now, but it has, against sul- 
phuric acid, a great freight disadvantage. In its com- 
mercially available condition, it is an aqueous solution, 
containing only about one third of real acid, so that the 
transportation of one ton of acid practically involves the 
extra cost of freight of about two tons of water. Further- 
more, the transportation of hydrochloric acid in anything 
but glass carboys involvr* very difficult problems in itself, 
ro that the market for hydrochloric acid remains always 
within a relatively small zone from its point of production, 
However, for a while at least, an outlet for this hydro- 
chloric acid was found by converting it into a dry material 
which can easily be transported ; namely, chloride of lime 
or bleaching-powder. 

The amount of bleaching-powder consumed in the world 
practically dictated the limited extentto which the Leblanc 
process could be profitably worked in competition with 
the Solvay process. But even this outlet has been blocked 
during these later years by the advent of the electrolytic 
alkali processes, which have sprung up successfully in 
several countries, and which give as a cheap by-pioduct, 
chlorine, which is directly converted into chloride of 
lime. 

To-day, any process which involves the production of 
large quantities of hydrochloric acid, beyond what the 
market can absorb as such, or as derivatives thereof, 
becomes a positive detriment, and foretells failure of the 
process. Even if we could afford to lose all the acid, the 
disposal of large quantities thereof conflicts immediately 
with laws and ordinances relative to the pollution of the 
atmosphere or streams, or the rights of neighbours, and 
occasions expensive damage suits. 

Whatever is said about hydrochloric acid, applies to some 
extent to chlorine, produced in the electrolytic manufac- 
ture of caustic soda. Here again the development of the 
latter industry is limited, primarily, by the amount of 
chlorine which the market, as such, or as chlorinated 
products, can absorb. 

At any rate chlorine can be produced so much cheaper 
by electrolytic caustic alkali processes than formerly, and 
in the meantime the market price of chloride of lime has 
already been cut about in half. 

In as far as the rather young electrolytic alkali industry 
has taken a considerable development in the United Slates, 
let as examine it somewhat nearer-** 
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At present the world’s production of chloride of hme ap- 
proximates about half a million tons. 

We used to import all our chloride of lime from Europe, 
until about fifteen years ago, when the first successful 
electrolytic alkali works were started at Niagara Falls. 
That ingenious mercury cell of Hamilton Y. Castner — a 
pupil of Professor Chandler and one of the illustrious sons 
of the Columbia School of Mines — was first used, and his 
process still furnishes a large part of all the electrolytic 
caustic soda and chlorine manufactured here and abroad. 

At present about 30,000 electrical horse-power are em- 
ployed uninterruptedly for the different processes used in 
the United States, and our home production has increased 
to the point where, instead of importing chloride of lime, 
we shall soon be compelled to export our surplus pro- 
duction. 

It looks now as if, for the moment at least, any sudden 
considerable increase in the production of chloride of lime 
would lead to over-production until new channels of con- 
sumption of chloride of lime or other chlorine products 
can be found. 

However, new uses for chlorine are being found every 
day. The very fact that commercial hydrochloric acid of 
exceptional purity is now being manufactured in Niagara 
Falls by starting from chlorine, indicates clearly that con- 
ditions are being reversed ; no longer than a few years 
ago, when chlorine was manufactured exclusively by 
means of hydrochloric acid, this would have sounded like 
a paradox. 

The consumption of chlorine for the preparation of 
organic chlorination products utilised in the dye-stuff in- 
dustry is also increasing continually, and its use for the 
manufacture of tetrachloride of carbon and so-called 
acetylene chlorination products has reached quite some 
importance. 

There is probably a much overlooked but wider opening 
for chlorinated solvents in the fact that ethylene-gas can 
be prepared now at considerably lower cost than acetylene, 
and that ethylene-chloride, or the old known “Dutch 
Liquid,” is an unusually good solvent. It has, further- 
more, the great advantage that its specific gravity is not 
too high, and its boiling-point, too, is about the right 
temperature. It ought to be possible to make it at sucb a 
low price that it would find endless applications where the 
use of other chlorination solvents has thus far been im- 
possible. 

The chlorination of ores for certain metallurgical pro 
cesses may eventually open a still larger field of consump- 
tion for chlorine. 

In the meantime, liquefied chlorine gas, obtained by 
great compression, or by intense refrigeration, has become 
an important article of commerce, which can be trans- 
ported in strong steel cylinders. Its main utilisation 
resides in the manufacture of tin chloride by the Gold- 
schmidt process for reclaiming tin-scrap. It is finding, 
also, increased applications as a bleaching agent and for 
the purification of drinking water, as well as for the 
manufacture of various chlorination products. 

Its great handicap for rapid introduction is again the 
question of freight, where heavy and expensive containers 
become indispensable. 

In most cases the transportation problem of chlorine is 
solved more economically by handling it as chloride of 
lime, which, after all, represents chlorine or oxygen in 
solid form, easily transportable. 

It would seem as if the freight difficulty could easily be 
eliminated by producing the chlorine right at the spot of 
consumption. But this is not always so simple as it may 
appear. To begin with the cost of an efficient plant for 
any electrolytic operation is always unusually high as 
compared to other chemical equipments. Then, also, 
small electrolytic alkali plants are not profitable to 
operate. Furthermore, the conditions for producing cheap 
chlorine depend on many different factors, which all have 
to co-ordinate advantageously ; for instance, cheap power, 
cheap fuel, and cheap raw materials are essential, while, 
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at the same time, a profitable outlet must be found for the 
caustic soda. 

Lately there has been a considerable reduction of the 
market price of canstic soda ; all this may have for effect 
that the less efficient electrolytic processes will gradually 
be eliminated ; although this may not necessarily be the 
case for smaller plants which do not compete in the open 
market, but consume their own output for some special 
purpose. 

Several distinct types of electrolytic cells are now in 
successful use, but experience seems to demonstrate that 
the so-called diaphragm ceils are cheapest to construct 
and to operate, provided, however, no exception be taken 
to the fact that the caustic soda obtained from diaphragm 
cells always contains some sodium chloride, usually 
varying from 2 to 3 per cent, which it is not practical to 
eliminate, but which, for almost all purposes, does not in- 
terfere in the least with its commercial use. 

Mercury cells give a much purer caustic soda, and this 
may, in some cases, compensate for their more expensive 
equipment and operation. Moreover, there are some pur- 
poses where the initial canstic solution of rather high con- 
centration, produced directly in these cells, can be used as 
it is without further treatment, thus obviating further con- 
centration and cost of fuel. 

The expenses for evaporation and elimination of salt 
from the raw caustic solutions increase to an exaggerated 
extent with some types of diaphragm cells, which produce 
only very weak caustic liquors. This is also the case with 
the so-called “ gravity cell,” sometimes called the u bell 
type,” or “ Aussig type,” of cell. But these gravity cells 
have the merit of dispensing with the delicate and expen- 
sive problem of diaphragms. On the other hand, their 
units are very small, and, on this account, they necessitate 
a rather complicated installation, occupying an unusually 
large floor space and expensive buildings. 

The general tendency is now towards cells which can 
be used in very large units, which can be housed economi- 
cally, and of which the general cost of maintenance and 
renewal is small ; some of the modern types of diaphragm 
cells are now successfully operating with 3000 to 5000 
amperes per cell. 

As to the possible future improvements in electrolytic 
alkali cells, we should mention that in some types the 
current efficiencies have practically reached their maxi- 
mum, and average amp&re efficiencies as high as 95 to 97 
per cent have been obtained in continuous practice. The 
I main difficulty is to reinforce these favourable results by 
the use of lower voltage, without making the units un- 
necessarily bulky, or expensive in construction, or in 
maintenance, all factors which soon outweigh any intended 
saving of electric current. 

Here, more than in any other branch of chemical en- 
gineering, it is easy enough to determine how “ good ” a 
cell is on a limited trial, but it takes expensive, long con- 
tinuous use on a full commercial scale, running uninter- 
ruptedly day and night for years, to find out bow “bad ” 
it is for real commercial practice. 

In relation to the electrolytic alkali industry, a great 
mistake is frequently committed by considering the ques- 
tion of power as paramount ; true enough, cheap power 
is very important, almost essential, but certainly it is not 
everything. There have been cases where it was found 
much cheaper in the end to pay almost doable for electric 
current in a certain locality than in another site not far 
distant from the first, for the simple reason that the 
cheaper power supply was hampered by frequent inter- 
ruptions and expensive disturbances, which more than 
offset any possible saving in cost of power. 

In farther corroboration, it is well known that some of 
the most successful electrolytic soda manufacturers have 
found it to their advantage to sacrifice power by running 
their cells at decidedly higher voltage than is strictly ne- 
cessary— which simply means consuming more power — 
and this in order to be able to use higher current densities, 
i thereby increasing considerably the output of the same sige 
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units, and thus economising on the general cost of plant 
operation. Here is one of the ever recurring instances in 
chemical manufacturing where it becomes more advan- 
tageous to sacrifice apparent theoretical efficiency in 
favour of industrial expediency. 

All this does not diminish the fact that the larger electro- 
chemical industries can only thrive where cheap power is 
available. 

Modern progress of electrical engineering has given us 
the means to utilise so-called natural powers ; until now, 
however, we have only availed ourselves of the water- 
power developed from rivers, lakes, and waterfalls. As 
far as larger electric power generation is concerned, the 
u$e of the wind, or the tide, or the heat oi the sun, repre- 
sents, up till now, nothing much beyond a mere hope of 
future possibilities. 

In the meantime it so happens, unfortunately, that many 
of the most abundant water- powers of the world are 
situated in pi ices of difficult access, far removed from the 
zone of possible utilisation. 

But, precisely on this account, it would appear, at first 
sight, as if the United States, with some of her big water 
powers situated nearer to active centres of consumption, 
would be in an exceptionally favourable condition for the 
development of electrochemical industries. On closer ex- 
amination we find, however, that the cost of water-power, 
as sold to manufacturers, is, in general, much higher than 
might have been expected ; at any rate, it is considerably 
more expensive than the cost of electric power utilised in 
the Norway nitrate enterprises. 

This is principally due to the fact that in the United 
States, water-power, before it is utilised by the electrolytic 
manufacturer, has already to pay one, two, and sometimes 
three profits, to as many intermediate interests, which act 
as so many middlemen between the original water-power 
and the consumer. Only in such instances as in Norway, 
where the electrochemical enterprise and the development 
of the water power are practically in the same hands, can 
electric current be calculated at Its real cheapest cost. 

Neither should the fact be overlooked that the best of 
our water-powers in the East are situated rather far inland. 
Although this does not matter much for the home market, 
it puts us at a decided disadvantage for the exportation of 
manufactured goods, in comparison again with Norway, 
where the electrolytic plants are situated quite close to a 
good sea-harbour open in all seasons. 

Some electrochemical enterprises require cheap fuel 
just as much as cheap power ; and, on this account, it has 
proved sometimes more advantageous to dispense entirely 
with water-power by generating gas for fuel as well as for 
power from cheap coal or still cheaper peat. 

At present most of our ways of using coal are still cum- 
bersome and wasteful, although several efficient methods 
have been developed which some day will probably be used 
almost exclusively, principally in such places where lower 
grades of cheap coal are obtainable. 

I refer here particularly to the valuable pioneer work of 
that great industrial chemist, Mond, on cheap water-gas 
production, by the use of a limited amount of air in con- 
junction with water vapour. 

More reeently this process has been extended by Caro, 
Frank, and others, to the direct conversion of undried 
peat into fuel-gas. 

By the use of these processes, peat or lower grades of 
coal, totally unsuitable for other purposes, containing, in 
some instances, as much as 60 to 70 per cent of incom- 
bustible ^constituents, can be used to good ad- 
vantage id the production of fuel for power generation. 

'Whether Mond-gas will ever be found advantageous for 
distriEbtion to long distances is questionable, because its 
heating vfth»c per cubic foot is rather less than that of 
ordinary' wateStvgas, but this does not interfere with its 
efficient use in infernal combustion engines. 

In general our methods for producing or utilising gas in 
our cities do scant justice to the extended opportunities 
indicated by our newer knowledge. 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 


ROYAL SOCIETY. 

Ordinary Meeting, February 4, 1915. 

Sir William Crookes, O.M., President, in the Chair. 


Papers were read as follows 


“Discontinuous Fluid Motion fast a Bent Plane, with 
Special Reference to Aeroplane Problems *” By Prof. G. H* 
Bryan, F.R.S., and R. Jones. 

The present investigation is based on the theory of dis- 
continuous fluid motion, and in particular on the recent 
developments of that subject by Sir G. Greenhill. Its 
object is to obtain a hydrodynamical estimate of the effects 
oi camber on the lift and drift oi a lamina moving through 
a fluid, the motion being two-dimensional, and regarding 
the lamina as an aerofoil. 

Instead of considering continuously curved lamina, the 
investigation deals with laminae the front and rear 
portions of which are plane but which meet at a dihedral 
angle. The method is applicable to surfaces with two or 
more bends. 

After a suitable trigonometric transformation, the integrals 
forming the solution of the pioblem can be written In the 
form— 

i I13 = yr sin> (u± '> * 2U {£is—B-{} ±4 ‘' du 

the upper sign to be taken with the first suffix. 

If p « density of fluid, Q - relative velocity of fluid and j 
lamina, a a constant proportional to linear dimensions of / 
the plane, 180/v • exterior angle between the planes, B and > 
p, the values of U at the bend, and, at the point where the 
stream divides, respectively then the solution of the 
problem is as follows : - 

The length of the rear plane is Ii«, the pressure on it * 
paQ(Ix-I 3 )/3, and the angle of attack ap* . Similaily 
for the front plane. 

It would not be possible to obtain a direct solution 
having given fflc. al* and v , so the integrals have been 
calculated for different values of p, B, and v. They can 
be evaluated by means of formula of reduction, but the 
results are too complicated to be of use. Instead approxi- 
mate methods have been employed. In applying these, 
Simpson’s rules are inapplicable near U-B, so it seemed 
that the simplest way was to work out ab initio the 
formula in the neighbourhood of B. 

In the results, the total length of the planeB has been 
kept constant (by varying a) and different systems are 
compared, the object being to estimate the efficiency in 
respect of lift and drift, of surfaces in which the bend 
occurs at different distances from the front edge. 

When p and B are small the angle of attack on the front 
plane is negative. This case is excluded from the present 
investigation. 

The general conclusions are in agreement with experi- 
mental results, that a moderate degree of camber is 
beneficial in increasing the lift without a corresponding 
increase in drift. r 6 


".PPlV Wo/ Series in the Band Spectrum associated 1 
with Helium.” By Prof. A. Fowler, F.R.S. 

The band spectrum associated with helium, as previously 
described by Curtis and Goldstein, includes bands with ' 
single heads and bands with double heads. A preliminary 
analysis of this spectrum has led to the following 
conclusions:— *• 

i. The doublets do not follow the ordinary law of band' 
spectra, but can be arranged in two series of the type' 
hitherto exclusively associated with line spectra, and can 
be represented by the usual formula involving the Rydbera 
constant. Nine bands of the main series and four of the 
second fainter series have been identified, 
a. The two series may be likened to the principal and 
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diffuse series in the case of line spectra, but the usual 
relation between such series is not certainly indicated, and 
no equivalent of the sharp series has yet been traced. 

3. The doublet separations are not m accordance with 
those associated with line spectra ; they diminish in 
passing along the series, but do not vanish at the limit. 

No regularity in the arrangement of the single bands 
has been recognised. 

“ Sfactra of Ordinary Lead and Lead of Radio-active 
Origin.” By T. R. Merton. 

Wave length measurements have been made of some 
of the principal spectrum lines of ordinary lead and the 
lead in pitchblende residues. It might reasonably be 
expected that small differences in the wave-lengths would 
be found, more especially in the case of any lines which 
belong to doublet or triplet series, since, according to the 
views of Piof. Hicks, an atomic weight term enters exactly 
into the separations of such doublets or triplets. No series 
have yet been discovered m the spectrum of lead, but it 
is probable that they exist, and an estimate of the order of 
the differences of wave-length to be expected according to 
Prof. Hicks’s views is gi\en. 

No differences of this order have been observed, the 
spectra taken in juxtaposition showing no differences of 
wave-length, whilst the wave-length measurements of 
seven of the most prominent lines in the two leads agree 
to 0-03 A.U. A special comparison of the line \ — 4058 
A.U. with the interferometer shows that the wave-lengths 
of this line in the ordinary and radio-active lead are 
identical to within 0*003 A.U. 

f 

“ Viscosity of the Vapour of Iodine. 9 ' By A. 0 . Rankine. 

The paper records the method used by the author for 
measuring the viscosity of iodine vapour at four different 
temperatures ranging from 124 0 C. to 247° C. The basis 
of the method is the distillation of iodine from one vessel 
to another through a narrow capillary tube, the tempera- 
ture of which could be varied. One of the vessels contains 
solid iodine, and is raised to ioo° C., thereby establishing 
the driving pressure. The other vessel is immersed in a 
freezing mixture so that the iodine which ib transpired as 
super-heated vapour is condensed there, the mass so 
7 transpired being determined by weighing the vessel which is 
removable. 

The method gives, in repeated experiments, very con- 
sistent results, and the values obtained may be taken as 
accurate to about J per-cent. The range of temperature 
variation is not .large enough to make the results suitable 
for testing the validity of Sutherlands formula, but it is 
found that they are, at uny rate, not inconsistent with that 
formula. The values obtained are as follows : — 
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Bolton. 

Other Members of Council — E. M. Chaplin, J. H. Coste, 
J. A. Dewhirst, P, V. Dupr6, G. H. Gemmell, R. G. 
Grimwood, E. M. Hawkms, Charles A. Keane, Rudolf 
Lessing, L. Myddelton Nash, Thomas Tickle, W. 
Colhngwood Williams. 

Ordinary Meetings February 3, 1915. 

Mr. A. Chaston Chapman, President, in the chair. 

Messrs. Harold Stanley Machin and Frederic Robinson 
were elected members of the Society. 

Certificates were read for tbe first time in favour of 
Messrs. Christopher William McHugo, 35, Warrior Square, 
Southend-on Sea ; Cyril Joseph Heath Stock, County 
Analyst’s Office, Darlington; George Tate, Windsor 
Buildings, George Street, Liverpool ; and Thomas Edward 
Wallis, 5, Hillsborough Avenue, Exeter. 

A certificate was read for the second time in favour of 
Mr. David Mitchell. 

The following papers were read : — 

“ Determination of Sulphates in Flour." By G. D. 
Elsdon. 

The author has examined many samples of plain and 
self-raising flour by the following method, which he has 
found accurate and fairly rapid 1 — Ten grms. of flour are 
added to 25 cc. of concentrated HC1 contained in a 250 cc. 
beaker. The beaker is gently warmed for a short time, 
until all the flour has been attacked, and finally heated on 
the water-bath for about one hour. The liquid is diluted 
and filtered, and the sulphate estimated in the filtrate in 
the usual manner as BaS 0 4 . 

The average amount of barium sulphate obtained in this 
manner from a genuine plain flour has been 3*5 mgrms., 
corresponding to 0*021 per cent of CaS 0 4 . 

“ General Principles Governing the Complete Analysis 
of Minerals and Ores” By W. R. Schoeller. 

The author calls attention to the lack of published 
information on the subject of complete analysis, which he 
presents^ from a pointy of view of general applicability to 
ores, minerals, and intermediate products of inorganic 
^nd metallurgical industries. 


Viscosity in C G.S. 

Temperature °C. units x 10*, 

124*0 1*84 

170*0 2*04 

205*4 2*20 

247*1 2*40 

and Sutherland’s constant C - 590 
In this paper the bearing of tbe results upon the 
empirical laws proposed previously by tbe author are also 
discussed. 

SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Annual General Meeting , February 3, 1915. 

( Thb following were elected the Officers and Council for 
the ensuing year : — 

President— A. Chaston Chapman. 

Past -Presidents serving on the Council — Leonard 
Archbutt, Edward J. Bevan, Bernard Dyer, Thomas 
Fairley , Otto Hehner, R. R. Tatlock, E. W. Voelcker, 
J. Augustus Voelcker. 


ST. LOUIS ACADEMY OF SCIENCES. 

At a meeting held on October 19, Prof. Niphbr gave an 
account of nis work during the summer of 19x4, at his 
summer place in Hessel, Mich., on M Magnetic Dis- 
turbances in the Earth's Field due to Dynamite Explosions , 
Burning Black Powder , and the Fog-horn of a Steamer.” 

The magnetic needle was mounted on a frame of 
timber, the vertical posts of which were set 2 feet into the 
ground. The frame and the boxes containing the control 
magnets were loaded with half a ton of rocks. The 
boxes containing the control magnets were also clamped 
to the frame with large wooden clamps. The base of the 
air-tight vessel containing the magnetic needle was also 
clamped to the frame. The torsion head was braced by 
means of wooden bars. Four cords at right angles to each 
other were attached to the torsion head. They passed 
outward and downward through holes in the table, and 
upon them were hung two bars of wood at right angles to 
each other. These bars were also loaded with rock. 
The apparatus was protected from heat effects by a 
series of blankets within the tent, having air-spaces 
between# 
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No difficulty was found in producing marked local dis- 
turbances in the earth’s field by means of dynamite sus- 
pended in air to the east and to the north of the tent. 
The needle being at right angles to the magnetic meridian, 
this disturbance indicated a variation in the horizontal 
intensity. 

The amount of dynamite exploded varied from half a 
stick 6 or 8 feet from the tent to 30 sticks distant 275 
feet. In the larger explosions, the sticks were placed end 
to end on bars of wood having a cross section xxi£ 
inch. Each stick of dynamite was securely held in place 
upon the bar by means of a winding of heavy cord. The 
ends of the bar suffered no appreciable injury. Those 
parts in contact with the dynamite vanished in dust so 
fine that it was difficult to find any trace of it. The 
changes in the position of the needle in explosions of 
this character amounted to ten or fifteen minutes of arc. 

Much more marked effects were produced by distri- 
buting half a stick of dynamite into a column about 15 feet 
in length. It was packed closely into the angle of a little 
trough of wood, which rested upon a heavy beam of wood. 
The trough was held in position by means of masses of 
rock hung on cords. The column of dynamite was 
in line with the needle and either above or below 
the level of the needle. In this way deflections of about 
i° of arc were produced. The direction of deflection was 
reversed by reversing the direction in which the explosion 
traversed the column. The end of the column nearest the 
needle was distant from it about 10 feet. 

This seems to indicate that a magnetic field is created 
around this exploding column, like that which exists 
around a wire conductor carrying a current of electricity. 
In most of the experiments of this character only a small 
part of the column exploded. It is believed that the con* 
ditions which will cause an explosion of the entire column 
with equal violence throughout have been finally attained, 
and this work will be continued. 

The black powder was spread over a platform having an 
area of 25 square feet, placed a few feet from the west side 
of the tent. The amount of powder spread over the plat- 
form was from 25 to 50 pounds. The flame shot upward 
to a height of 15 to 30 feet. The lines of the earth’s field 
were deflected around the region filled by this flame. The 
intensity of field within the tent was momentarily in- 
creased. The deflection of the needle amounted to from 
twenty-five to fifty minutes of arc. 

At the request of Prof. Nipher, the captains of the 
steamers of the Arnold Transit Co. were instructed by the 
President, Mr. Geo. T. Arnold, to blow a loud and pro- 
longed blast on their fog-horns when at the nearest point 
to the observing station. This distance was about half a 
mile. Appreciable effects was thus produced when the air 
was quiet, the sky was clear, and the intensity of the field 
had reached a high value. The result in every case was 
to decrease the intensity of the earth’s field. 

In two oases the blast from the 5 o’clock boat was at 
once followed by a premature appearance of the sunset 
disturbance. Rhythmical vibrations over from xo° to so 9 
of arc at once followed and continued for four or five 
minutes. This result needs further examination under 
more favourable conditions. — Science^ N.S., xl., p. xo8. 


NOTICES OF BOOKS. 


A -Manual of Chemistry. By Arthur P. Luff, M.D., 
B.Sc.Lond., F.R.C.P., F.I.C., and Hugh C. H. 
Gahdy, B.A., B.Sc.Lond., F.l.C. Fifth Edition. 
London, New York, Toronto, and Melbourne : Cassell 
and Co., Ltd. 19x5. 

The general plan of this book remains nnaltered in the 
fifth edition, but many additions have been made to the 
text. The discussion of the theory of ionisation, for 
example, has been much enlarged, and the law of mass 


action is treated considerably more fully than before. The 
book has a high value for the student of medicine, as con 
taining in one volume all that he wants and no more. The 
arrangement of the material is good, and the theoretical 
aspects of the subject and general principles are always 
very clearly treated. The section on practical chemistry 
contains some typical preparations of substances which 
are included in the syllabus of the Examining Board, an 
outline of qualitative analysis, and a very short treatment 
of quantitative analysis, including only one gravimetric 
estimation, that of a sulphate, and a few volumetric 
processes. 


Appendices to the Thirty eighth Annual Report of His 
Majesty's Inspectors of Explosives . London : Wyman 
and Sons, Ltd. 79x4. 

The appendices to the report of His Majesty’s Inspectors 
of Explosives contain lists of authorised explosives, details 
of the importation of explosives during xgi3, aud tabular 
statements showing the accidents by fire or explosives 
which came under the notice of the Home Office during 
1913, Lists are also given of the special reports which 
have been issued and of prosecutions under the Explosives 
Act. 


Annuaire pour TAn 19x5. (" Annual for the Year 1915 ”). 

Paris : Gauthier- Villars et Cie. 

This annual contains copious tables of astronomical and 
spectroscopic data, and also much information relating to 
geography, meteorology, and statistics. Many useful 
tables are given for the benefit of the mathematician and 
physicist, and in addition the annual contains a long and 
interesting article by M. G. Bigourdan on the examination 
of mirrors and objectives and the different parts of 
telescopes. This article is comprehensive and detailed, 
and is well illustrated by diagrams. 


CHEMICAL NOTICES FROM TOREIGN 
SOURCES. 

Not*.— All degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances dc VAcadcm i 
des Sciences . Vol. clx., No. 2, January xx, 1915. 
Molecular Weights of Oxybenzoic Acids.— CKchsner 
de Coninck. — The molecnlar weight of salicylic acid 
can be determined by the analysis of its calcium and 
ammonium salts. The former is dissolved in warm 
water, the solution is treated with potassium carbonate, 
and the lime determined as CaC 0 3 . The ammonium salt 
is decomposed by soda, and the ammonium is determined 
by a titrated solution of sulphuric acid. The ammonium 
salts of the meta- and para-oxybenzoic acids can be 
analysed similarly. The mean of the results obtained is 
137*986. 


MEETINGS F0R_THE WEEK. 

Monday, sand.— Royal Society of Arts, 8 (Fothergill Lecture). 

“ Motor Fuels,” by Prof. V. B, Lewes. 

Tuesday, 23rd.— Royal Institution, 3 “Muscle in the Service of 
t_ frof C. S. Sherrington, F.R S. 

Wednesday, 24th.— Royal Society of Arts, 8. “The Economics of 
«< « War,”byW.J. Ashley, M. A. 

Thursday, 25th.— Royal Institution, 3. “Zoological Studies -War 
and Evolution, Nations as Species," by P. 
Chalmers Mitchell, F.R.S. * y 

Friday, 26th.— Royal Institution, 9. “ The Solar Eclipse of ioid by 
The Rev. A. L. Cortie, F R.A.S., &c. 

Physical, 5. “ Magnetic ' Character’ Figures, Antarctic 

and International." by C. Chree. “ Electrification 
of Surfaces as affected by Heat," by P. K Shaw. 
“ Electromagnetic Inertia and Atomic Weight, * by 


Saturday, 27th, 


L W. Nichrtson. 


loyal Institution, 3. “Recent Researches on 
Atoms and Ions," by Sir J. J. Thomson, O.M, 
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THE SOLIDIFYING POINT OF MUTTON 
TALLOW. 

(II.). 

By ROBERT MELDRUM. 


and rise every tenth of a degree of difference was closely 
watched, and after solidification the thermometer was ex- 
amined during a fall of 6° C,, but with the same result. It 
is, therefore, apparent that the glycerides have only one 
solidifying point. 


The author has already demonstrated (Chemical News, 
cix., No. 2827) that mutton and beef tallow do not possess 
a constant solidifying point for any given sample, and that 
solidification takes place 8° C. below the mehing-pomt. 
Also, previous to solidification, the thermometer falls to 
12^0. below the melting-point. This characteristic pro* 
perty is common to all mixtures of solid and liquid gly- 
cerides, but does not hold good for mixtures of solid and 
liquid fatty acids. The author has also demonstrated that 
the melting-point of a mixture of solid and liquid glycerides 
is equal to the melting-point and solidifying point of their 
fatty acids, thus showing that with the glycerides solidi- 
fication takes place below normal for some unknown 
causes. Despretz cooled water 20° C., and Regnault 
cooled glacial acetic acid 26“ C. below normal melting- 
point without solidification taking place. Also, para- 
bromophenol with melting-point of 64° C., may be cooled 
to 13 0 C. Without solidifying. Also, thymol with melting- 
point of 44 0 C., may be cooled to 16 0 C. and lower, and 
maintained in this state for prolonged periods without 
becoming solid. In these cases when solidification does 
take place the temperature always rises to the normal 
melting point. But such is not the case with the gly 
cerides, as these when supercooled about 12° C. below 
melting-point solidification takes place some 8° C. below 
normal. With mixtures of stearic and oleic acid the 
author has shown (Chemical News, vol. cviii., No. 2813) 
that supercooling is present duung solidification, which 
lowers the point of solidification by i° C. That this super- 
cooling is present mare or less in all sohdifications is ap- 
parently beyond doubt, and that it is present to a very 
marked degree in the glycerides is evident. 

With the view of investigating the disturbing influence 
of the liquid glycerides in tallow on the soliditying*point 
these were removed by means of ether. 200 grms. of 
tallow were finely shredded and digested with 200 cc. 
ether, the ether extract pressed through filter-cloth, and 
the residue melted till free from ether. This was repeated 
three times. The product obtained was a hard, semi- 
translucent, and very white stearin free from moisture, 
free fatty acids, free glycerin, but still containing some 
liquid glycerides. Tbe solidifying point was determined 
by Dalican’a method, the glycerides being melted at 
8o° C. and stirred to the indicated temperatures, then the 
thermometer fixed 1 J in. from bottom of tube and readings 
made. 

Cooled by stirring to °C 55 49 48 55 47 

Solidifying point + rise,°C. 49*8 50*3 51 497 50*4 

Rise, °C 3*4 3*6 38 3-9 

Influence of Suspended Matter . 

During the above tests it was observed that the melted 
glycerides contained a little suspended matter. The fat 
was therefore refiltered and another series of solidifica- 
tions made with following results 

Cooled by stirring to °C 50 47 47 55 52 

Solidifying point + rise, °C. .. 49*8 50*6 507 50*1 50’ 1 

Rise, °C 4*6 3*8 3-9 5*2 4-4 

It is clear the presence of suspended matter has no effect 
on the erratic setting and “rises.” 


Secondary Stationery Points. 

As Chittenden and Smith have shown that tristearins 
exist with melting points of 52°C., 64*2° C., and 6977° C., 
the thermometer therefore during the above experiments 
was in each case carefully examined for a second sta- 
tionery point, but without success. During both the fall 


Solidifying Phenomena . 

In the course of the above experiments, and those with 
the tallow itself, it was observed that the fat began crystal- 
lising at bottom of tube from which ascended a column of 
opaque fat around thermometer bulb. This is more or 
less constant in its character, and takes place about 47° C., 
and as cooling proceeds the cloud extends to sides of 
tube. The theory was advanced that the ascension of this 
cloudy column of fat had some relation to erratic setting. 
When the stearin is melted at 8o° C. and allowed to cool 
to 55° C., and then stirred in a circular direction, it was 
found that temperature of column of liquid fat is not 
uniform, tbe tempetature increasing from bottom upwards 
by 5 0 C. This circular method of mixing to produce a 
uniform temperature in the tube is the usual method em- 
ployed m solidification tests, and may have some relation 
to the erratic setting of the glycerides. But with stearic acid, 
spermaceti, paraffin wax, and naphthalene, though circular 
stirring be employed, and where the temperature of melt 
must also be variable throughout its length, constant 
results are obtained. The following tests were made by 
melting the glycerides at 8o° C., allowing to cool till 
ciystals appeared at bottom of tube, and then mixing by 
churning up and down with wire stirrer and fixing ther- 
mometer. 

Solidifying point + rise, °C. 50*4 50*1 50-1 507 51*0 
R*e,°C 3 '9 5*2 4-4 4*5 4 ’* 

The fat, therefore, whether at a uniform temperature or 
not throughout its mass, makes little or no difference in 
results obtained. 

Comparison of Solid Gly strides with Tallow . 

The following is a comparison of the solid glycerides 
and the tallow from which it was prepared : ~ 

Solid 

glycerides. Tallow. 

Variation in “rise,” °C r8 3*8 

Variation in “zero,” °C 2*5 5'5 

Variation in solidifying point, °C 1*3 3*0 

Average “rise,” °C 4*2 2*4 

Average solidifying point, °C 50*3 41*1 

Average melting-point, °C 53*8 48*4 

Ratio-melting and solidifying point, °C. . . 3*5 7*3 

From the above it will be seen that variation of the 
11 zero,” solidifying point and “rise” is nearly 100 per cent 
less than with the tallow, thus showing that the presence 
of liquid glycerides influence to a considerable extent erratic 
solidification, or in other words solid glycerides yield more 
constant results than do mixtures of solid and liquid ones* 
It will be noted that the solid glycerides yield “rises” 
twice as great as the tallow. Apparently the “ rise ” in- 
creases with increasing solidifying point, and points to the 
fact that the solid glycerides possess supercooling pro- 
perties to a marked degree. Again, there is closer agree- 
ment between melting and solidifying point as the melting- 
point increases, showing the disturbing effect of the liquid 
glycerides. From this it appears the erratic behaviour in 
the setting of mixtures is due to supercooling effect in the 
solid glycerides and which is intensified by dilution with 
liquid ones. 

Elimination of Low Zero and “ Rise. 9 * 

Attempts were made to eliminate the low zero-point, the 
temperature to which the thermometer falls before com- 
mencing to “rise,” and with success, as will be seen from 
the following experiments. 
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Experiment No, x. 

Mdted the stearin in test-tube at 70° C., and placed in 
melting-point apparatus with hot water-jacket. The 
water m jacket was constantly stirred and the temperature 
lowered slowly. The stearin was also stirred with ther- 
mometer, the water jacket being maintained about i° C. 
lower than the fat. 

70° C. ) 

6o° C. > Quite fluid and clear ; five minutes. 

50° C.) 

45° C. Cloudy, but quite fluid. 

44° C. Cloudy, but quite fluid ; rises. 

40*4° C. Thermometer rises to. 

Experiment No, 2, 

Maintained melted stearin at 51*5° C. in water-jacket at 
same temperature for two hours, both being stirred. 
Solidifies gradually to soft pasty solid, which latterly 
becomes too rigid to stir. Thermometer rises to 52*1° C. 
The cause of solidification at this temperature and under 
these conditions is very curious. What actually takes place 
is this : — As the fat is stirred at5 1*5° C. the surface of stearin 
in tube becomes coated with a film of solid fat which the 
stirring disperses through the molten fat, but which does 
not become melted, and causes the liquid fat to gradually 
become very opaque. The opacity increases with duration 
of stirring till the whole mass is solid. The setting of the 
fat here takes place by surface films, the formation of 
these being due to contact with the colder air in tube. 
The films accumulate in the melted fat till spontaneous 
crystallisation takes place. On raising temperature com- 
plete clarification does not ensue at 53° C., but takes place 
on increasing to 56° C., this being the apparent melting- 
point by this method. 

Experiment No, 3. 

If solidification takes place at 52-1° C. with only a “ rise ” 
of o*6° C. under the above conditions, then theory would 
require that when cooled to 51*5° C. and some solid fat 
added, and dispersed through the mass, solidification ought 
to take place at that temperature with a low u rise.” T 0 the 
clear melted fat at 53 0 C. was added about 2 grms. 
granulated sample, and this dispersed through the mass 
and slowly stirred, and temperature allowed to fall to 
52 0 C., and maintained at this for ten minutes. Thermo- 
meter fell to 5x7° C., and rose to 52*3° C., the solidifica- 
tion gradually gaining in solidity. On melting opacity 
does not disappear till 56° C. is reached. 

Experiment No. 4. 

Attempts were made to solidify at 6o°, 57 0 , 55°, and 53° 
by adding granulated stearin at these respective tempera- 
tures and maintaining same for fifteen minutes, but with 
negative results. On reducing temperature to 50*5° C. 
thermometer rose to 517 0 C., and on heating opacity 
disappeared at 56° C. 

The results of the above experiments are as follows 

Solidifying point + rise, °C. . . 5 2 ’ 1 5 2 ’3 5 l *7 

Rise, 0*6 06 i*2 

Melting-point (opacity method), °C. 56 56 56 

From the above tests it will be seen how the M rise ” and 
«< zero ” point tend to vanish with increase in solidifying 
point. As the “ rise ” is decreased to the extent of 3*4° C. 
the solidifying point increases by nearly a 0 C. There is 
no doubt that under more exacting thermal conditions the 
*< rise n and M zero” point would be extinguished in all 
solid glycerides and mixtures of same, and in many other 
compounds where a “rise” takes place. The author has 
found that a rise is absent in the setting of paraffin- wax, 
ozokerite, spermaceti, bees-wax, naphthalene, and many 
other compounds, and when present is no doubt due to 
supercooling influences. Based on the evidence of the 
« rise ” it would appear the actual solidifying point is higher 


than 52*3° C., which is confirmed by the melting-point and 
the variation of the solidifying point under these exacting 
conditions. 

Melting-point of Solid Glycerides, 

Capillary tube method — 

Plug fat ascends, °C. .. 52*2 54 1 538 53*5 

Plug fat clarifies, °C. .. 54*4 54*4 54-4 55*2 

Thermometer bulb method — 

Drop appears, °C 53*2 543 53-8 543 

Drop off, °C 53*6 56*0 54* x 54*4 

As the author has previously pointed out these melting- 

point methods leave much to be desired and have 
inherent failings as regards accuracy. This is confirmed 
by ascertained maximum difference between above readings, 
which amounts to 2 a x° C., and also by the melting-point 
by the opacity method, which is 56° C. 

Summary. 

The solid glycerides used in the above experiments are 
no doubt a mixture of tristearm and tripalmitin with a 
little triolein, and a comparison with the tallow from 
which they were obtained clearly demonstrates the powerful 
modifying influences of the olein on erratic solidification. 
With mixtures of stearic acid and oleic acid in all propor- 
tions this disturbing factor is absent, there being a close 
agreement within i° C. between solidifying and melting- 
point. Then, again, as the writer has previously shown, 
the melting point of tallow and its fatty acids and 
solidifying point of acids are all constants, therefore 
erratic solidification cannot be explained on the basis of 
double combinations of triolein and tristearm or tri- 
palmitin. The same remarks hold good for the isomorphic 
theory of Chittenden that tripalmitin and tristearin exist 
in three separate modifications with variable and definite 
melting and solidifying points depending on the previous 
heat treatment of the fat. Nor can the author’s theory 
previously put forward as to rapid changes in density and 
viscosity at the critical point be accepted to account for 
these facts. Based on the above experiments the true 
explanation is most likely that fluctuations in the melting- 
point are due to errors in manipulation and observation, and 
fluctuations in solidifying point are due to speed of crystal- 
lisation. The experiments point to the fact that if the 
amount crystallised per unit of time remained constant the 
solidifying point would also be constant with its accom- 
panying “rise.” The mono-, di , and triglycerides of 
palmitic and stearic acids, and no doubt all other glycerides, 
appear to require supercooling to start rapid crystal- 
lisation, and are characteristic of these fatty compounds. 
For each glyceride there appears to be a specific tem- 
perature to which, when supercooled, solidification com- 
mences, or as the author defines this as the “ zero” point. 
This supercooling effect is common to many organic and 
inorganic compounds, solutions, and mixtures of same, 
and is no doubt the cause of much perplexity in innumer- 
able published melting and solidifying points of fatty 
acids, organic salts, and particularly the waxes and 
solid fats. 

The most interesting problem which presents itself in the 
solidification of the glycerides is failure to attain their 
normal solidifying point when supercooled. This ap- 
parently pointing to the fact that the melting has lowered 
the solidifying point, through some molecular change. 
This theory appears almost convincing when we take into 
account the general facts that with water, acetic acid, and 
many other substances when supercooled, the temperature 
rises to the normal solidifying point. But with the 
glycerides solidification takes place below normal. As 
the “ rise ” is rapid and considerable, crystallisation must be 
rapid at the supercooled temperature, and a normal and 
constant solidifying point ought to result. The true 
explanation of this is a purely thermal one. The latent 
heat of fusion is not sufficient to raise the supercooled 
I mass to the normal solidifying point, the more so when 
E mixtures of solids and liquids are dealt with* 
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GOVERNMENT CO-OPERATION WITH 
INDUSTRIES.* 

If the wax will teach as the value of industrial research as 
an aid in the development of our industries, if it will 
induce manufacturers to engage technologists to devise 
processes for manufacturing the goods which hitherto 
they have purchased abroad, if it will open up foreign 
markets hitherto closed to us, it may prove a national 
benefaction. But unless the economic conditions are 
right it may not pay to spend millions in scientific investi- 
gation and in building factories. Economic conditions 
are, in part, controlled by governments, and it is the pur- 
pose of this article to discover whether or not our Govern- 
ment is enabling American capitalists to make the most of 
the opportunities created by the present conflict. 

Perhaps the most conspicuous example of our apparent 
indifference to industrial research is to be found m the 
chemical industry— at least the newspapers told us so. 

What the Establishment of a CoaUiar Chemical 
Industry Means . 

Since the American chemical industry has been more 
severely criticised than any other, we may well enter into 
a discussion of its difficulties, bearing in mind that they 
apply in a lesser degree to other manufacturing activities. 
There was a wild scurrying about for dyes and chemicals 
last August. Textile manufacturers bought all the colours 
that they could carry in stock. Certain chemicals, par- 
ticularly some pharmaceutical products, were sold at a 
great advance over prices which, even in time of peace, 
were considered too high. The newspapers took up the 
question, and rather hysterically accused American chemists 
of incompetence. We had built up a great steel industry, 
a great machine tool industry, a great automobile industry. 
Why hadn’t we built up a great chemical industry ? 
Because Germany had a chemical monopoly, because the 
whole structure of modern organic industrial chemistry is 
German, it was thought that the German mind must be 
endowed with some magical power of penetration not 
given to the American, British, or French intellect. 

Why Government Co-operation is Necessary . 

It this wonderful industry is to be established in this 
country it can only be with Governmental co-operation. 
An economic balance must be maintained, production 
must be carefully watched, wasteful competition must be 
checked, prices must be fixed by agreement on some pro- 
ducts so that the whole enterprise may flourish. The 
slightest change from one of the operations may serve to 
upset this economic balance. In a word, only a trust 
with the power to control production and the market 
could establish a great coal-dye industry in America — the 
verv piece of business machinery which is most abhorred 
in Washington. The huge chemical firms of Germany are 
knit together, more or le»s, in a combination which is able 
to dominate the markets of the world, and which exists 
not only with Governmental sanction and under Govern 
mental control, but to a certain extent with Governmental 
encouragement. If we are to compete with Germany we 
must employ the same economic weapons. 

The Special Committee appointed by the New York 
Section of the American Chemical Society to study the 
chemical situation arrived at the conclusion that “ altera- 
tions in our tariff law are inevitable” if we are to have a coal- 
tar chemical industry. The nation as a whole must bear the 
burden of expanding industrial chemistry in this country. 
Private capital can do no more than it has done. German 
plants cannot be valued exactly, They must be worth 
several hundred million dollars. Since they were built 
decades ago most of them have long since been paid for in 
profits. Couple to that financial advantage the permission 
to use such co operative commercial devices as pools and 
selling agreements, and we need no longer wonder why, 

* Abstracted from an article in SeunUfie American, Jan. 50, 1915, 


under present conditions, we are not likely to have a 
chemical industry comparable with that of Germany. A 
protective tariff would not place us altogether on a par 
with Germany ; but it would at least make it profitable to 
engage in a few chemical activities. 

We cite the coal-tar chemical industry because it is tbe most 
glaring example of the need of Government co-operation 
that we can find. Tbe difficulties of establishing that 
industry are found in a lesser degree in other industries. 
But everywhere the German trust looms large. 

The Futility of Half-way Measures . 

As matters now stand it is doubtful if, under the Clayton 
law, a group of competing American manufacturers could 
even engage a common selling agent to introduce their 
goods in foreign markets— so completely have we tied 
their hands. 

Thanks to tbe Clayton law, still judicially unconstrued, 
our great manufacturing corporations may not legitimately 
use the powerful machinery of combination in their struggle 
for foreign recognition. A new enterprise which is to be 
conducted on the large scale of the German coal-tar 
chemical industry, for example, cannot now be started in 
this country. No capitalist would be fool enough to 
engage in it, without knowing how far he could meet 
German competition with its own weapons in home and 
foreign markets. Where, then, is the incentive to spend 
fortunes in industrial research, in establishing highly 
ramified channels of distribution, in building up industries 
which could not long withstand the attacks of a formidable 
and enterprising foreign competitor who is permitted to use 
the very implements which our Government has snatched 
from our hands ? 

We are not pleading here for a return to the old days 
when trusts held us in tbe hollow of their hands, but we 
are pleading for a judicious and controlled use of the 
economic advantages that accrue from production and dis- 
tribution on a large scale. The trust and the cartel are 
not unmixed blessings for Germany ; but so long as they 
play a predominant part in forcing us out of foreign 
markets, so long as they are supported by a paternal 
government as part of a well-planned scheme for German 
commercial expansion, so long will it be impossible for 
us to build up great industries dependent on foreign 
markets as an outlet for surplus products. 


AN IMPROVEMENT OF THE BARIUM 
SULPHATE DETERMINATION OF SULPHUR IN 
SOLUBLE SULPHATES WHEN SODIUM 
SALTS ARE PRESENT. 

By W. A. TURNER. 

When barium sulphate is precipitated by the reaction 
between a soluble barium salt and a soluble alkali sulphate, 
or in presence of large quantities of alkali salts, there is 
likely to be, as is well known, considerable contamina- 
tion of the precipitate. Alkali sulphates and barium 
chloride may be found in tbe ignited sulphate, while 
hydrochloric and sulphuric acids may be volatilised in tbe 
ignition (Hulett and Duscbak, Zcit. Anorg. Chenu, 1904, 
xl., 196; AUen and Johnston, yourn . Am . Chem . Soc ., 
1910, xxxii,, 588; Johnston and Adams, ibid., xqix, 
xxxiii., 829). If the precipitation is made with tbe object 
of determining barium, the ignited precipitate may be dis- 
solved in hot concentrated sulphuric acid, recovered in 
crystalline form by evaporation of tbe sulphuric acid, 
filtered, washed free from impurities, ignited, and weighed 
in a satisfactory condition of purity (Mar, Am. joum, 
Sci., 1891, [3], xli., 288; Gooch and Hill, Ibid., 19x3, 
4 ] , xxxv., 3 11). The precipitate formed by an excess of 
barium chloride, for the purpose of determining the 
sulphate ion, and contaminated by that reagent, cannot, 
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however, be purified by re-crystallisation from sulphuric 
acid, since, m this action, the included barium chloride is 
converted to barium sulphate, and added to the amount 
which represents the sulphate ion to be determined. 
The magnitude of the error encountered is largely depen- 
dent upon the conditions under which the determination 
is made* While the method may be modified so as to 
reduce one source of error to a minimum, the same modi- 
fication may increase another source of error, so that the 
final result is not satisfactory. In an exhaustive study of 
the sources of error and the influence of various factors on 
them, Allen and J jhnston, and Johnston and Adams (loc. 
cit .), find no method of eliminating the observed pheno- 
mena, but by making a series of corrections are able to 
derive results which are accurate, or nearly accurate. 

' The investigation of which this paper is an account was 
directed to the elimination of error, due to the incom- 
plete formation of the insoluble barium sulphate, by 
removing the alkali salts in a preliminary treatment with 
hydrochloric acid. 

It appeared in preliminary experimentation that the 
determination of the sulphate ion of pure copper sulphate 
by precipitating with barium chloride, added (as is usual) 
in dilute solution, and gradually to the hot solution of the 
copper salt, yields results very near the theory — the 
tendency of the barium sulphate to carry with it another 
sulphate, by inclusion or combination, being much less 
marked in the case of copper sulphate than in the case of 
the alkali sulphates. (Allen and Johnston, loc . cit., find 
this to be true also of the sulphate of another bivalent 
element, viz., magnesium). For the experiments to be 
described, the copper sulphate was prepared by twice 
crystallising the presumably pure (chemically pure) salt 
from the hot water solution while stirring vigorously to 
promote the separation of the substance in finely-divided 
form. These crystals dried in air for two days gave, on 
analysis, the results shown in Table I. 

These results are obviously very close to theory, but it is 
not improbable that in them some slight tendency toward 
the carrying down of copper sulphate with the barium sul- 
phate may have been counteracted by the inevitable inclu- 
sion of traces of barium chloride. (Richards and Parker, 
Proc. Am. Acad.> 1896, xxxi., 67 ; Zeit . Anorg. Chem ., 
1895. viii., 4 * 3 )- 

Table l.—Analyeh of Pure Copper Sulphate . 


No. 



Theory 

Error in 

Error in term* 

of CuSOi.sHaO 

BaSOi 

for 

terms of 

of -SO, 

expt. 

found. 

found. 

BaS04. 

BaSO+ 

>• 

HI 


Grm. 

Grm. 

Grm. 

Grm. 

Grm. Per cent. 

X. 

I*l668 

1*0904 

1 ogu 

—0*0007 

—0 0003 

-0*03 

2 . 

J *5373 

*•4383 

I *4375 

+ 0-0008 

+0 0003 

+ 0*02 

3 * 

0 9042 

08453 

0*8455 

-0 0002 

-0 0001 

+ 0*01 

4 * 

1*3812 

1*2906 

1*2915 

-0 ooog 

- 0*0004 

-0*03 




Table 

II. 




5 gtnw- 

NaCl added in 

Experiment No. x. 



5 »» 

KC 1 

n 

» 

No. 2. 


X. 

1*0879 

1*0049 

1*0173 

-0*0124 

-0 0051 

-0*50 

2. 

i* 437 i 

*•3154 

I 3450 

-0*0296 

-0*0122 

-0 91 


Table III. 

3 grms. Sodium Chloride added in each Experiment. 

1. o 9774 o 9196 o 9139 +0*0057 +0*0024 +0*26 

2. 1*0976 I O325 t 0263 +0’0a62 +0*0025 +0*25 

3* 1*3255 1*2444 1*2395 +0*0049 +00020 +0 16 

4. 1*2855 1*2057 1*2021 +0*0036 4 0 0015 +0 12 

Table IV. 

3 grms. Sodium Chloride added in each Experiment. 

1. 0*8444 07912 0*7896 +0*0016 +0*0006 +0*08 

2. 09775 0*9145 0*9141 +0*0004 +0*0002 +002 

3. 0*9801 09158 0*9165 -0*0007 -0*0003 —0*03 

4. 1*3620 1*2743 1*3736 +0*0006 + 0*0003 +0*01 


Upon making the precipitation under exactly similar 
conditions, excepting the presence of alkali salts, the error 
due to the carrying down of unconverted alkali sulphate is 
at once made evident by the error of deficiency. This is 
shown in the results of Table II. 

The next step was the attempt to eliminate the error, due 
to incomplete conversion of the alkali sulphate, by the 
preliminary precipitation and removal of the alkali chloride. 
An accurately weighed portion of copper sulphate with an 
approximately known weight of alkali chloride was dis- 
solved in a small amount (25 cc.) of water, the solution 
saturated with gaseous hydrogen chloride, the precipitated 
alkali chloride filtered off on asbestos in the perforated 
crucible, and washed with concentrated hydrochloric acid. 
The filtrate was evaporated on the steam-bath (after dilu- 
tion with an equal volume of water to prevent mechanical 
loss during the evaporation), the residue diluted, filtered 
(to remove possible traces 01 silica derived from the glass 
container), acidified with xcc. of 4 per cent hydrochloric 
acid, and treated as before, at a volume of 350 cc., with 
barium chloride. The results are given in Table III. 

In this process the negative error of the former process, 
due to incomplete conversion of the soluble sulphate to 
barium sulphate, iB eliminated and replaced by a positive 
error which can only be due to the inclusion of foreign 
matter, either barium chloride, or, possibly, a trace of 
silica, derived from the glass during the long evaporation 
of the hydrochloric acid solution, and not completely 
removed by one dehydration and filtration. 

In the following set of experiments aqueous hydrochloric 
acid was substituted for the gaseous acid, and the precipi- 
tation of the sodium chloride was made by adding to the 
concentrated solution of the weighed copper sulphate and 
sodium chloride (about 10 cc.), approximately five times 
its volume of the concentrated acid ; the precipitated 
chloride was filtered off, and the solution further treated as 
described above. The results of this treatment are given 
in Table IV. 

It is to be seen that very fair results— very probably due, 
however, to a balance between the now largely reduced 
error due to incomplete conversion of the soluble alkali 
sulphate into barium sulphate, and a small error due to 
inclusion of foreign matter — are obtained by the use of 
concentrated aqueous hydrochloric acid to remove the 
sodium salt. Experiments in which the removal of potas- 
sium chloride was similarly attempted were not equally 
successful, no doubt on account of the greater solubility 
of potassium chloride in hydrochloric acid and the greater 
tendency of the barium sulphate to carry down the 
unconverted potassium sulphate. 

This method of eliminating the effect of sodium salts in 
the precipitation of barium sulphate would seem to have some 
application in the analysis of sulphides and insoluble sub- 
stances where fusion with sodium carbonate is necessary. 
Where sodium carbonate and potassium nitrate are ordinarily 
used, sodium carbonate and sodium peroxide may he sub- 
stituted so that only sodium salts need be removed by the 
treatment with hydrochloric acid. 

Whenever the sulphate ion is to he determined by pre- 
cipitation as barium sulphate from a solution containing 
sodium salts the results of the analysis may he very much 
improved by the removal of the sodium before precipitating 
the barium sulphate. The method suggested may be sum- 
marised as follows • 

The substance, representing about 1 grm. of barium 
sulphate, is dissolved (after fusion, if necessary, with 
sodium carbonate and sodium peroxide) in the least con- 
venient quantity of water. It is then treated with five 
volumes of concentrated hydrochloric acid and theresulting 
precipitate of alkali chloride is filtered off on asbestos in a 
perforated crucible, by the aid of suction, into a beaker 
under a bell-jar. After the precipitate of alkali chloride 
has been completely washed by concentrated hydrochloric 
acid contained in a gravity wash-bottle, the filtrate and 
washings, diluted with an equal volume of water, are 
evaporated to dryness on the steam-bath, the residue taken 
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op with a little water and 1 cc. of 4 per cent hydrochloric 
acid, and then filtered through a small filter. The solu- 
tion is then diluted to 350 cc., heated to boiling, and a 
slight excess {1 to 2 cc.) 10 per cent barium chloride solu- 
tion added drop by drop from a burette. The precipitate 
is allowed to digest on the steam bath for some hours, 
over-night if convenient, and then filtered on the perforated 
crucible, ignited at low red heat, and weighed. 

To Prof. F, A. Gooch my thanks are due for kindly 
assistance and counsel in carrying out this work . — American 
Journal of Science , xxxviii., p. 41. 


ON THE ACTION OF LEAD, COPPER, TIN, 
NICKEL, ZINC, AND ALUMINIUM ON WATER. 

By Dr. W. P. JORISSEN, The University, Leiden, Holland. 
(Concluded from p. 92). 


metal* At last the outlines are given of a research 
scheme. This regards especially the corrosion of con 
denser tubes by sea-water. An apparatus is described in 
which a set of forty-eight condenser tubes in 3-ft. lengths 
may be submitted to this water under dilferent circum- 
stances (increasing temperature, acid solutions, external 
E. M» F. stagnant water, over-heating, action of electro- 
negative areas, choking by ashes, shells, seaweed, &c.j. It 
may be mentioned here that Bengough’s paper is a 
Report to the Corrosion Committee of the Institute of 
Metals. The fact that such a Committee has been ap- 
pointed to undertake investigations (for which funds have 
been provided) on the subject of corrosion, speaks volumes 
for their importance. 

Finally attention may be drawn to the fact that the 
corrosion of copper alloys, such as brass, Muntz metal, 
&c., is perhaps of still greater interest than that of copper. 
But the length of this report already so far exceeds the 
desired length that a discussion of the corrosion of these 
and other alloys must be omitted. 


14. Copper . 

Some general remarks oh the corrosion of copper by dilute 
sulphuric acid in the presence of air have been made on 
p. 37. Here it may be mentioned that hydrogen peroxide 
is formed in this process, according to M. Traube’s ob- 
servations (Note 95). Sackur and Mauz (Note 96) 
observed that the rate of dissolving increased with the 
velocity of the current of air drawn through the solution 
and with the concentration of the acid. As the equi- 
librium Cu + 2H‘ Cu •• -f H* is instantly reached 
according to Nernst, the rate of dissolving will only depend 
on the rate of oxidation of the hydrogen and on the speed 
qf diffusion of the Cu-ions from the boundary layer and 
of oxygen and H-ions towards it. Cl-ions appear to have an 
accelerating influence on the rate of dissolving. 

Ohlmfiller and Heise (Note 97) make mention of some 
experiments on the action between copper and distilled 
water containing air. A piece of sheet-copper (400 cm fl 
surface) lost only 0*3 mgrm. when exposed m 100 cc. dis- 
tilled water for twenty-four hours to a current of air, while 
lead under the same circumstances lost more than 
20omgrms., zinc about 35 mgrras., and tin only traces. 
Whilst sea-water free from air does not act on copper 
(Note 98), this metal is readily corroded when immersed 
in this water in the presence of air, basic carbonate and 
basic chloride of copper being formed (Note 99). A. 
Krefting observed the same substances when copper was 
submitted to the action of a solution of sodium chloride 
containing air (Note 100). 

In the report presented by G. D. Bengough at the 
annual general meetingof the Institute of MetalB, Jan. 18, 
1911 (Note 101), a review occurs of the more important 
technical papers published on the corrosion of copper and 
brass and of the views of their authors. 

His own views of the problems involved are stated sub- 
sequently. Thus, for instance, he remarks that the 
deposit of basic salt on the copper may become rather 
firmly attached to it under favourable circumstances. As 
has been suggested by Tilden (Note X02) this deposit may 
possibly give rise to a galvanic action, thus promoting the 
solution of copper in the neighbourhood ; pitting being 
the result. Bengough now states that the above salt can 
only act in this way, if it is a conductor of electricity, and 
it is therefore necessary to settle this point first. For, if 
its action as an electro-negative node be proved, it will be 
worth while trying to destroy the conditions under which 
this salt Is formed. 

Agaip, there are two factors which according to Ben- 
gough hive not hitherto been sufficiently investigated— 1. 
The influence of the structure of the metal (fine or coarse 
crystallisation, porosity, laminations, &c»). 2. The in- 
fluence of small quantities of impurity in solid solution on 
the solution tendency and the depolarising action of the 


25. Conclusions . 

1. The principal investigations in the domain of the cor- 
rosion of the six metals named in the heading of this 
report have been summarised and have been contemplated 
from fhe same theoretical points of view. 

2. It is not possible to predict whether a special kind of 
drinking water, brought in contact with lead or zinc under 
certain circumstances, will only dissolve quantities of lead 
or zinc compounds below a certain limit. In each special 
case it will be necessary to make a special experiment in 
which the practical circumstances are imitated as much as 
possible. As regards tin, there seems to be little danger 
of considerable corrosion by drinking water. 

3. Experiments are desirable regarding the order of the 
metals with respect to their potentials, when placed in 
different salt solutions and kinds of water found in 
nature* 

4* It is desirable to investigate how the potential dif- 
ference between two metals immersed in these solutions 
changes in the course of time, when air passes through 
and to trace the chemical processes which take place. 

5. It will be of special importance to investigate whether 
a “protective layer * is generated during the corrosion of 
a metal and what its composition is. 

6. Further experiments on the passivity of the metals 
named in this report may appear to be of great interest. 

I hope soon to be able to make communications about 
my own experiments on points 3—6. 


Notes* 

95. Ber., 1882, xy., 664; x88$,xviii., 1887. On treating 
copper with a solution of ammonium carbonate, containing 
air. Traube also observed the formation of hydrogen 
peroxide (Ibid,, 1885, xviii., 1889). This substance was 
observed by Ernst Cohen (De Ingenieur , X901) during the 
corrosion of copper by sea water. 

96. Arb, Kais . Oesundk amUxxiiu, 287, 1906. Com- 
pare also the vivifying influence of Cl-ions on passive 
metals : Sackur, Zeit . Electrochem ,, 1904, x., 841. 

97. Arb . Kais . Geshundh ., amte viii., 395, 1893. See 
also Carnelly, Journ . Chem, Soc., 1874, ii., x. 

98. Ernst Cohen, De Ingenieur , igox, x8o. In the 
presence of air free from carbon dioxide he did not 
observe corrosion. How long the experiment lasted is not 
mentioned. 

99. Ernst Cohen, loc . cit,, p. 181. 

xoo. « Om nogle raetallers oxydations ved nditrale saltes 
medvl^ken, , * Chnstianta Vidensk . Selsk . Forhand 1892, 

iox. Joum. Inst . of Metals , 1911, y., 28. 

102. Journ, Soc . Chem . x886, v., 84. 
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SOME ASPECTS OF INDUSTRIAL CHEMISTRY.* 

By L. H. BAEKELAND, Sc.D. 

(Concluded from p. 94). 

Good fa 6 l-ga 8 could be manufactured and distributed to 
the individual household consumer at considerably cheaper 
rates, if it were not for antiquated municipal specifications, 
which keep on prescribing photometric tests instead of in- 
sisting on standards of fuel value, which makes the cost 
of production unnecessarily high, and disregards the fact 
that, for lighting, the Welsbach mantle has rendered 
obsolete the use of highly carburetted gas as a bare flame. 
But for those unfortunate specifications, cheap fuel-gas 
might be produced at some advantageous central point, 
where very cheap coal is available; Bucb heating gas 
could be distributed to every house and every factory, 
where it could be used cleanly and advantageously, like 
natural gas, doing away at once with the black coal smoke 
nuisance, which now practically compels a city like New 
York to use nothing but the more expensive grades of 
anthracite coal. It would eliminate, at the same time, all 
the bother and expense caused through the clumsy and ex- 
pensive methods of transportation and handling of coal 
and ashes ; it would relieve us from many unnecessary 
middlemen which now exist between coal and its final 
consumer. 

The newer large-sized internal combustion engines are 
introducing increasing opportunities for new centres of 
power production where waste gas of blast-furnaces or 
coke-ovens, or where deposits of inferior coal or peat are 
available. 

If such centres are situated near tidewater, this may 
render them still more advantageous for some electro- 
chemical industries, which, until now, were compelled to 
locate near some inland water-powers. 

Nor should we overlook the fact that the newer methods 
for the production of cheap fuel-gas offer excellent oppor- 
tunities for an increased production of valuable tar by- 
products, and more particularly of ammonium salts ; the 
latter would help to a not inconsiderable extent in fur- 
nishing more nitrogen fertiliser. 

It is Bomewhat remarkable that a greater effort has 
already been made to start the industrial synthesis of 
nitrogen products than to economise all these hitherto 
waited sources of ammonia. 

In fact, science indicates still other ways, somewhat of 
a more radical nature, for correcting the nitrogen defi- 
ciencies in relation to our food Bupply. 

Indeed, if we will look at this matter from a much broader 
standpoint, we may find that, after all, the shortage of 
nitrogen in the world is attributable, to a large extent, to 
our rather one-sided system of agriculture. We do not 
sufficiently take advantage of the fact that certain plants, 
for instance those of the group of Leguminosae, have the 
valuable property of easily assimilating nitrogen from the 
air, without the necessity of nitrogen fertilisers. In this 
way the culture of certain Legurainosae can insure enough 
nitrogen for the soil, so that in rotation with nitrogen con- 
suming crops, like wheat, we could dispense with the 
necessity of supplying any artificial nitrogen fertilisers. 

The present nitrogen deficiency is influenced further by 
two other causes— 

The first cause is our unnecessarily exaggerated meat 
diet, in which we try to find our proteid requirements, and 
which compels us to raise so many cattle, while the 
amount of land which feeds one head of cattle could fur- 
nish, if properly cultivated, abundant vegetable food for a 
family of five. 

The second cause is our insufficient knowledge of the 
way to grow and prepare for human food just those vege- 
tables which are richest in proteids. Unfortunately, it so 
happens that exactly such plants as, for instance, the soy- 
bean are not by any means easily rendered palatable and 
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digestible, while any savage can eat raw meat, or can 
readily cook, boil, or roast *t for consumption. 

On this subject we can learn much from some Eastern 
people, like the Japanese, who have become experts in the 
art of preparing a variety of agreeable food products from 
that refractory soy-bean, which contains such an as- 
tonishingly large amount of nutritious proteids, and which, 
long ago, became for Japan a wholesome, staple article 
of diet. 

But, on this subject, the Western races have not yet 
progressed much beyond the point of preparing cattle-feed 
and paint oil from the soy-bean, although the more ex- 
tended culture of this, or similar plants, might work about 
a revolution in our agricultural economics. 

Agriculture, after all, is nothing but a very important 
branch of industrial chemistry, although most people seem 
to ignore the fact that the whole prosperity 01 agriculture 
16 based on the success of that photochemical reaction 
which, under the influence of the light of the sun, causes 
the carbon dioxide of the air to be assimilated by the 
chlorophyll of the plant. 

It is not impossible that photochemistry, which hitherto 
has busied itself, almost exclusively, within the narrow 
limits of the art of making photographic images, will, 
some day, attain a development of usefulness at least as 
important as all other branches of physical chemistry. In 
this broader sense, photochemistry seems an inviting 
subject for the agricultural chemist. The possible rewards 
in store in this almost virgin field may, in their turn, by 
that effect of superinduction between industry and science, 
bring about a rapid development similar to what we have 
witnessed in the advancement of electricity, as well as 
chemistry, which both began to progress by bounds and 
leaps, way ahead of other sciences, as soon as their 
growing industrial applications put a high premium on 
further research. 

Photochemistry may allow us some day to obtain 
chemical effects hitherto undreamed of. In general, the 
action of light in chemical reactions seems incomparably 
less brutal than all means used heretofore in chemistry. 
This is the probable secret of the subtle chemical syntheses 
which happen in plant life. To try to duplicate these 
delicate reactions of nature by our present methods of 
high temperatures, electrolysis, strong chemicals, and 
other similar torture-processes, seems like trying to 
imitate a masterpiece of Gounod by exploding a dynamite 
cartridge between the strings of a piano. 

But there are endless other directions for scientific 
feaearch, relating to industrial applications, which, until 
now, do not seem to have received sufficient attention. 

For instance, from a chemical standpoint, the richest 
chemical enterprise of the United States, the petroleum 
industry, has hitherto chiefly busied itself with a rather 
primitive treatment of this valuable raw material, and 
little or no attention has been paid to any methods for 
transforming at least a part of these hydrocarbons into 
more ennobled products of commerce than mere fuel or 
illuminants. 

A hint as to the enormous possibilities which may be 
in store in that direction is suggested by the recent work 
in Germany and England on synthetic rubber;, the only 
factor which prevents extending the laboratory synthesis 
of rubber into an immense industrial undertaking, is that 
we have not yet learned how to make cheaply the tso- 
prene or other similar non-saturated hydrocarbons which 
are the starting point in the process which changes 
their molecules, by polymerisation, into rubber. 

Nor has our science begun to find the best uses for such 
inexpensive and never exhaustible vegetable products as 
cellulose or starch. Quite true, several important manu- 
factures, like that of paper, nitrocellulose, glucose, 
alcohol, vinegar, and some others, have been built on 
it ; but to the chemist at least it seems as if a much 
greater development is possible in the cheaper and more 
extended production of artificial fibre. Although we have 
succeeded in making so-called artificial silk, this article is 
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still very expensive ; furthermore, we have not yet pro- 
duced a cheap, good, artificial fibre of the quality of 
wool* 

If we have made ourselves independent of Chile for our 
nitrogen supply, we are still absolutely at the mercy of the 
Stassfurt mines in Germany for our requirements of 
soluble potash-salts, which are just as necessary for agri- 
culture. Shall we succeed in utilising some of the pro- 
posed methods for converting that abundant supply of 
felspar, or ocher insoluble potash-bearing rocks, into 
soluble potash-salts by combining the expensive beat treat- 
ment with the production of another material like cement, 
which would render the cost of fuel less exorbitant ? Or 
shall the problem be solved in setting free soluble potas- 
sium salts as a by-product in a reaction engendering other 
staple products consumed in large quantities ? 

We have several astonishingly conflicting theories about 
the constitution of the centre of the globe, but we have 
oot yet developed the means to penetrate the world’s 
crust beyond some deep mines — merely an imperceptible 
faint scratch on the surface— and in the meantime, we 
keep on guessing, while to-day astronomers know already 
more about the surface of the planet Mars than we know 
about the interior of the globe on which we live. 

Nor have we learned to develop or utilise the tre- 
mendous pressures under which most minerals have been 
formed, and still less do we possess the means to try 
these pressures, in conjunction with intensely high tem- 
peratures. 

No end of work is in store for the research chemist, as 
well as for the chemical engineer, who can think bv him 
self, without always following the beaten track. We are 
only at the beginning of our successes, and yet, when we 
stop to look back to see what has been accomplished 
during the last generations, that big jump from the rule- 
of-thumb to applied science is nothing short of mar- 
vellous. 

Whoever is acquainted with the condition of human 
thought to-day must find it strange, after all, that scarcely 
seventy years ago, Mayer met with derision even amongst 
the scientists of the time, when he announced to the world 
that simple but fundamental principle of the conservation 
of energy. 

We can hardly conceive that just about the time the 
Columbia School of Mines was founded, Liebig was still 
ridiculing Pasteur’s ideas on the intervention of micro- 
organisms in fermentation which have proved so fecund 
in the most epoch-making applications in science, medi- 
cine, surgery, and sanitation, as well as in many in- 
dustries. 

Fortunately, true science, contrary to other human 
avocations, recognises nobody as an tf author! ty,” and is 
willing to change her beliefs as often as better studied 
facts warrant it ; this difference has been the most vital 
cause of her never ceasing progress. 

To the younger generation, surrounded with research 
laboratories everywhere, it may cause astonishment to 
learn that scarcely fifty years ago, that great benefactor of 
humanity, Pasteur, was still repeating his pathetic 
pleadings with the French government to give him more 
suitable quarters than a damp, poorly lighted basement, in 
which he was compelled to carry on his research ; and 
this was, then, the condition of affairs of no less a place 
than Paris, the same Paris that was spending, just at that 
time, endless millions for the building of her new Opera 
Palace. 

Such facts should not be overlooked by those who 
might think that America has been too slow in fostering 
chemical research. 

If the United States has not participated as early as 
■some European countries in the development of industrial 
chemistry, this was chiefly because conditions here were 
so totally different from those of anions of Germany, 
England, and France, that they did not warrant any such 
premature eff >rts. 

In a country as full of primary resources, agriculture, 
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forests, mines, and the more elementary induttries directly 
connected therewith, as well as the problems of transpor- 
tation, appealed more urgently to American intellectual 
men of enterprise* 

Why should anybody here have tried to introduce new 
difficult or risky chemical industries, when on every side 
more urgently important fields oi enterprise were inviting 
all men of initiative ? 

Chemical industries develop along the lines furnished by 
the most immediate needs of a country. Our sulphuric 
acid industry, which can boast to-day of a yearly produc- 
tion of about three million tons, bad to begin in an ex- 
ceedingly bumble way, and the first small amounts of 
sulphuric acid manufactured here found a very scant 
outlet. 

It tequired the growth of such fields of application as 
petroleum refining, superphosphates, explosives, and 
others, before the sulphuric acid industry could grow to 
what it is to-day. 

At present similar influences are still dominating our 
chemical industries; they are generally directed to the 
mass production oi partly manufactured articles. This 
allows us to export at present to Germany chemicals in 
crude form, but m greater value than the total sum of all 
the chemical products we are importing from her ; although 
it cannot be denied that a considerable part of our im- 
ports are products like alizarin, indigo, aniline dyes, 
and similar synthetic products which require higher 
chemical manufacturing skill. 

In this connection it may be pointed out that our 
exports of oleomargarine, to Germany alone, are about 
equivalent to our imports of aniline dyes. 

But all this does not alter the fact that in several im- 
portant chemical industries the United States has been a 
pioneer. Such flourishing enterprises as that of the arti- 
ficial abrasives, carborundum and alundum, calcium car- 
bide, aluminium, and many others, testify how soon we 
have learned to avail ourselves of some oi our water- 
power. 

One of the most important chemical industries of the 
world, the sulphite cellulose industry, of which the total 
annual production amounts to three and a-half million 
tons, was originated and developed by a chemist in Phila- 
delphia, B. C. Tilgman. But its further development was 
stopped for awhile on account of the same old trouble, lack 
of funds, after 40,000 dols. were spent, until some years 
later it was taken up again in Europe and reintroduced in 
the United States, where it has developed to an annual 
production of over a million tons. 

What has been accomplished in America in chemical 
enterprises, and what is going on now in industrial 
research, has been brilliantly set forth by Mr. Arthur D. 
Little (jWn. of In, and Bn . Chm,, October, 1913, 
vol. 5, No. 10). 

Nor at any time in the history ot the United States was 
chemistry neglected in this country ; this has recently been 
brought to light in the most convincing manner by Pro- 
fessor Edgar F. Smith of Philadelphia (‘‘Chemistry in 
America,” published by D. Appleton and Co., New York 
and London, 1914). 

The altruistic fervour of that little group of earlier 
American chemists who, in 1792, founded the Chemical 
Society of Philadelphia (probably the very first chemical 
society in the world), and in x8ir, the Columbia Chemical 
Society of Philadelphia, is best illustrated by an extract of 
one of the addresses read at their meeting in 1798 

11 The only true basis on which the independence of our 
country can rest are agriculture and manufactures. To 
the promotion of these nothing tends in a higher degree 
than chemistry. It is this science which teaches man how 
to correct the bad qualities of the land he cultivates by a 
proper application of the various species of manure, and it 
is by means of a knowledge of this science that he is en- 
abled to pursue the metals through the various forms they 
put on in the earth, separate them from substances which 
render them useless, and at length manufacture them into 
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the various forms for use and ornament in which we see 
them. If such are the effects of chemistry, how much 
should the wish for its promotion be excited in the breast 
of every American ! It is to a general diffusion of know- 
ledge of this science, next to the virtue of our country- 
men, that we are to look for the firm establishment of our 
independence. And may your endeavours, gentlemen* in 
this cause, entitle you to the gratitude of your fellow- 
citizens.” 

This early scientific spirit has been kept alive throughout 
the following century by such American chemists as 
Robert Hare, E. N. Horsford, Wolcott Gibbs, Sterry 
Hunt, Lawrence Smith, Carey Lea, Josiah P. Cooke, 
John W. Draper, Willard Gibbs, and many others still 
living. . , , , 

Present conditions m America can be measured by the 
fact that the American Chemical Society alone has over 
seven thousand members, and the Chemists’ Club of New 
York has more than a thousand members, without 
counting the more specialised chemical organisations, 
equally active, like the American Institute of Chemical 
Engineers, the American Electrochemical Society, and 
many others. . 

During the later years, chemical research is going on 
with increasing vigour, more especially in relation to 
chemical problems presented by enterprises which at first 
sight seem rather remote from the so-called chemical 
industry. „ .... 

But the most striking symptom of newer times is that 
some wealthy men of America are rivalling each other in 
the endowment of scientific research on a scale never 
undertaken before, and that the scientific departments of 
our Government are enlarging their scope of usefulness at 
a rapid rate. , 

But we are merely at the threshold of that new era 
where we shall learn better to use exact knowledge and 
efficiency to bring greater happiness and broader oppor- 
tunities to all. ... , , . 

However imposing may appear the institutions founded 
by the Nobels, the Solvays, the Monde, the Camegies, 
the Rockefellers, and others, each of them is only a puny 
effort to what is bound to come when governments will 
do their full share. Fancy that if, for instance, the Rocke- 
feller Institute is spending to good advantage about 
half a million dollars per annum for medical research, the 
chewing-gum bill of the United States alone would easily 
support half-a-dozen Rockefeller Institutes ; and what a 
mere insignificant little trickle all these research funds 
amount to, if we have the courage to compare them to 
that powerful gushing stream of money which yearly 
drains the war budget of all nations. 

In the meantime, the man of science is patient and con- 
tinues his work steadily, if somewhat slowly, with the 
means hitherto at his disposal. His patience is inspired 
bv the thought that he is not working for to-day but for 
to-morrow. He is well aware that he is still surrounded 
by too many “men of yesterday,” who delay the results 

Sometimes, however, he may feel discouraged that the 
very efficiency he has succeeded m reaching at the cost of 
so many painstaking efforts, in the economical production 
of such an article of endlessly possible uses as Portland 
Cement, is hopelessly lost many times over and ovei 
again by the inefficiency, waste, and graft of middlemen 
and political contractors, by the time it gets on our public 
roads or in our public bu ldmg«, Sometimes the chaos of 
ignorant brutal waste which surrounds him everywhere 
may try his patience. Then again, he has a vision that 
he is planting a tree which will blossom for his children 

and will bear fruit for hts grandchildren. 

In the meantime, industrial chemistry, like all other ap 
plications of science, has gradually called into the world 
an increasing number of men of newer tendencies, men 
who bear in mind the future rather than the past, who 
have acquired the habit of thinking by well-established 
facts instead of by words, of aiming at efficiency instead 


of striking haphazard at ill-defined purposes. Our various 
engineering schools, our universities, are turning them 
out in ever increasing numbers, and better and better pre- 
pared for their work. Their very training bas fitted them 
out to become the most broad-minded piogressivc 
citizens. 

However, their sphere of action, until now, seldom goeB 
beyond that of private technical enterprises for private 
gain. And yet, there is not a chemist, not an engineer, 
worthy of the name, who would not prefer efficient, 
honourable public service, freed from party politics, to a 
mere money-making job. 

But most governments of the world have been run for 
so long almost exclusively by lawyer-politicians that we 
have come to consider this an unavoidable evil, until 
sometimes a large experiment of government by engineers, 
like the Panama Canal, opens our eyeB to the fact that, 
after all, successful government is— first and last — a 
matter of efficiency, according to the principles of applied 
science. 

Was it not one of our very earliest American chemists, 
Benjamin Thompson, of Massachusetts, later knighted in 
Europe as Count Rumford, who put in shape the rather 
entangled administration of Bavaria by introducing 
scientific methods of government ? 

Pasteur was right when one day, exasperated by the 
politicians who were running his beloved France to ruin, 
he exclaimed — 

“ In our century, science is the soul of the prosperity of 
nations and the living source of all progress. Undoubtedly, 
the tiring daily discussions of politics seem to be our 
guide. Empty appearances 1 — Wbat really leads us 
forward are a few scientific discoveries and their ap- 
plications.” 


EXPANSION OF CHEMICAL AND DYE-STUFF 
INDUSTRY IN UNITED STATES.* 

On October 15 a Committee was appointed by the Chair- 
man of the New York Section of the American Chemical 
Society to investigate into the feasibility of expanding the 
chemical and dye-stuff industry in the United States. 
This Committee consisted of Bernhard C. Hesse, Chair- 
man, L. B. F. Herreshoff, H. A. Metz, I. F. Stone, 
D. W. Jayne, J. Merritt Matthews, and Allen Rogers. 
On November 6 the Committee submitted its report 
together with its recommendations. This report, with the 
exception of the introductory paragraphs, was as follows : — 

Your Committee has carefully considered all the public 
suggestions as to methods of improvement, and has 
searched through the governmental regulations of the 
belligerent nations as to embargo, and as to contraband of 
war, in order to construct therefrom a list of chemicals, 
inclusive of dye-stuffs, which have thereby been sbut off 
from the United States, in the hope of thus being placed 
in a position to make specific recommendations of value. 

It can be fairly stated that, in general, the chemical 
industry of this country is efficiently exploited, and is 
making full use of all the opportunities presented to it 
under the normal conditions existing prior to the state of 
hostilities. Some of the chemicals which are imported 
from abroad are made in considerable amounts in this 
country as well, and the amount imported under normal 
conditions depends upon the ordinary normal fluctuations 
of business conditions both here ana abroad. With the 
stoppage of this foreign supply the domestic production 
was not at once capable of making up the deficiency, but 
in a number of instances the American manufacturers have 
taken steps to increase their capacity, and the strain in 
the market of those particular things will exist no longer 
than it will require to extend the manufacturing facilities 
to the proper extent. 

* From the C kmtcal Engineer, xx. r No. & 
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Among these are ammonia salts, barium chloride, 
barium nitrate, bleaching powder, sodium cyanide, yellow 
prussiate, sodium nitrate, sodium hydrosulphite, zmc 
dust. 

If, however, it be desired and if public necessity requires 
the introduction of the manufacture o f explosives and 
further chemicals and dye-stuffs into our home industry, 
such as coal-tar product explosives, pharmaceuticals, 
medicinals, and other intermediates and finished coal-tar 
dyes, then alterations of our tariff law are inevitable, and 
the consumers in the first place and the public in general 
must share in the burden thus imposed. If conditions of 
national defence in case of attack by a foreign power 
require us to manulacture our own explosives, and to be 
in that regard independent of all foreign nations at all 
times, or if our textile industries or any other of our 
industries requiring coal-tar chemicals, such as dye-stuffs, 
shall for ever be protected and made independent of 
foreign nations for the supply of those materials, then the 
nation as a whole must bear the burden incident to such 
expansion. Under existing circumstances private enter- 
prise and private capital have gone their limit. They have 
reached the limit for two reasons 

1. The explosive, dye, and similar industries abroad, 
just referred to. are in a state of high development and 
of refined organisation, and are financially the best suited to 
carry on an offensive campaigne against any nation 
attempting to take business away from them. 

2. Domestic manufacturers are prohibited by law from 
making use of co-operative commercial devices, such as 
pools, trusts, manufacturing and selling agreements, and 
the like, whereas such devices are wholly lawful abroad, 
and are encouraged by the respective governments. In 
other words, the American chemical industry is expected 
to cope with the foreign industry while both its own arms 
are tied behind its back, and its opponents have full and 
free use of their arms. 

Anti-dumping Clause *-* The remedies required would be 
an effective anti-dumping clause that would certainly 
prevent underselling of domestic manufactures in the 
United States by unfair methods. What the form of such 
clause shall be is a problem with which your Committee 
is unable to cope ; it is strictly a law-making and law- 
enforcing problem, and is allied to the usual problem of 
determining under-valuation as heretofore carried on by 
our Treasury Department ; it, however, is a much more 
refined problem than the older problem of proving under- 
valuation. Nevertheless, your Committee believes that 
with such a mechanism in our law that much would be 
done toward encouraging our chemical industries. 

To Create Coal-tar Chemical Industry . — According to the 
best information that your Committee can gather, such an 
anti-dumping clause alone would not be sufficient, how- 
ever, to create complete and independent domestic coal-tar 
explosives, dye-stuffs, and medicinals industries. It has 
been conclusively demonstrated during the past thirty 
years that the present tariff rate of 30 per cent on dye-stuffs 
is not sufficient to induce the domestic dye-stuff industry to 
expand at a rate comparable with the consumption of dye- 
stuffs in thiB country, and that therefore all dye-stuffs 
made from coal-tar, whether they be aniline dyes or 
alizarin, or alizarin dyes, or anthracene dyes or indigo, so 
long as they are made in whole or in part from products of 
or obtainable from coal-tar, should all be assessed alike, 
namely, 30 per cent ad valorem plus 7.$ cents per pound 
specific, and that all manufactured products of or obtain- 
able from coal-tar, themselves not dyes or colours and not 
medicinal, shall be taxed 15 per cent ad valorem and 3$ 
cents per pound specific. 

Tariff to Aid Dye Industry, -The best information and 
judgment your Committee can obtain is that the above 
manufactured products of coal-tar, not dyes and not 
colours and not medicinal, should carry one-half the duty 
of the finished coal-tar dye, and that the above rate of 30 per 
cent ad valorem and 7J cents specific would probably be 
sufficient to encourage and enable domestic manufacturers 


to expand their operations to such an extent as to supply 
a very material increase in, if not the whole, of these 
commodities consumed in this country. The reason for a 
specific duty is to protect the domestic manufacturer in 
the manufacture of the relatively cheap dyes, such as the 
cheap scarlets, the cheap yellows, and the like, whose 
prices abroad are in the neighbourhood of from 12 cents to 
20 cents per pound, w»ih dyes of that type 30 per cent 
ad valorem would not offer so serious an obstacle to 
importation and underselling thereof as does the 7^ cents 
per pound specific; on the other hand, on dyes whose 
prices are 1 dol. and upward per pound the function of the 

cents specific more nearly approaches zero. That is, 
with the cheap dyes the chief function lies in the specific 
portion of the duty, and with the expensive dyes the 
chief function lies with the ad valorem portion of the duty. 

This is said to be the price the nation will have to pay 
to have a complete self-contained and independent coal- 
tar chemical industry. However, it must be remembered 
that if such an industry be created and importation of 
coal-tar r rc ducts, inclusive of intermediates and dyes, is 
restricted its ultimate effect upon the Federal revenues 
will havet 0 be considered. It will therefore be necessary 
to determine carefully if the advantages to be gained are 
equal to the price to be paid. 

Patent Laws . — This Committee is a unit in the belief 
that an alteration of our patent laws aiming at compulsory 
working or compulsory licensing would not be any sub- 
stantial benefit to this industry or to the country as a 
whole. Twenty-nine countries have attempted compulsory 
licensing clauses and fifty-six countries have attempted 
compulsory working clauses, and the best information 
your Committee can obtain is that in none of these 
attempts has there been any appreciable measure of 
success. While it may be true that under extraordinary 
conditions, such as now exist, compulsory licensing might 
have some advantage, yet it is equally true that in normal 
times the disadvantage due to compulsory licensing or 
compulsory working would more than overbalance any 
advantage at all likely to be obtained under stiesB of 
unusual conditions. 

In none of the countries where there have been woiklng 
or licensing clauses, or both, co-extensive with the 
existence of the coal-tar chemical industry, has there been 
established any real coal-tar chemical industry, and your 
Committee does not feel that an alteration m our present 
patent laws could be made which would be effective 
against foreigners, and at the same time not be onerous 
and a hardship to domestic inventors. Your Committee 
believes that in the long run and in the final outcome, our 
present system with regard to working and licensing <s as 
efficient as that of any other country. In the dye-stuffs 
industry in particular there are so many non-patented 
commercial products and so many commercial products 
once patented now free from patent restraint that their 
pioduction alone would form a basis for a very consider- 
able industry, and your Committee feels that the way to 
encourage that industry, if the establishment of that 
industry in this country be a national necessity, is through 
a change in the tariff and the additional anti-dumping 
feature m the administration of the tariff, and not through 
any change in the patent laws. Once established, such 
an industry could develop and ultimately cope with any 
foreign combination upon fair and equal terms. Over 90 per 
cent of the tonnage and of the individual dyes used in the 
United Stales will be free from any patent restraint 
within the next four years ; over 75 per cent of the dyes 
are now in that condition. 

Availability of Raw Materials .— The best information 
your Committee has so far been able to gather is that this 
country can produce so called coal-tar raw material in 
amounts sufficient for the needs of a complete domestic 
coal-tar chemical industry, inclusive of explosives and 
dyes, provided there is a certainty of outlet as to volume 
and continuity. Those engaged in manufacture here do 
not want to expand unless the dye-users are willing to 
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Bonecourt Patent Waste Heat Boilers and Water Heaters . 
< Westminster: Bonecourt Waste Heat Boiler Co., Ltd. 
In the Bonecourt Patent Waste Heat Boilers and Water 
HeaterB use is made in the most efficient and effective 
manner o i the heat discharged in the exhaust gases of 
internal combustion engines. The manufacturers claim 
that the boiler is an effective silencer, requires absolutely 
no attention and is easy and cheap to instal. It can be 
used either for providing additional steam power or for a 
continuous supply of hot water, and many different forms 
are described and illustrated in the pamphlet. 


Le Rotations Ionomagnetic he. (“ Ionomagnetic Rotation"). 

By Augusto Right. Bologna : Nicolo Zanichelli. 
This book contains the text of a lecture which was 
delivered by the author before the Italian Electrotechnical 
Association at the conference of the Society held at 
Bologna in November, 1914, Some additions have been 
made to throw further light upon the phenomena described, 
and ^bibliographical references are included. A clear 
account is first given of the electron theory and the 
electrical theory of matter, and the author's own valuable 
researches on ionomagnetic rotation and the explanation 
he gives of the new phenomenon are fully discussed. The 
pamphlet should be read by all who are interested in 
modern physical research. 


CORRESPONDENCE. 

SCIENCE AND THE STATE. 

To the Editor of the Chemical New. 

Sir,— Very shortly before ihe outbreak of war a newspaper 
correspondence, in which many writers took part, seemed 
to point to the conclusion as accepted that in this country 
the utilisation of scientific method and the status to be 
accorded to scientific men had not hitherto been properly 
appreciated by the Government or the public. Since the 
commencement of the war public opinion seems to have 
adopted and emphasised this view, at least so far as the 
utterances of public men, officials, and newspaper corre- 
spondents may be taken as evidence. The following 
advertisement from the columns of the Chemical News 
shows the sort of figure at which Governmert depaitmentb 
value scientific assistance at the present time 

Inspection Department. 

ROYAL ARSENAL, WOOLWICH, 

Wanted immediately, Temporary Assistant Chemists. 

A pplicants must have had a thorough training 

** in Inorganic and Organic Chemistry, and must be accurate 
Analysts. University Graduates or Members of the Institute of 
Chemistry will have preference. 

Wages £2 os. 6 i. per week. 

Applications, giving particulars of training and experience, and 
accompanied by copies of not more than three recent testimonials 
should be addressed to Lhiet Inspector, Royal Arsenal, Woolwich, 1 

Does Chief Inspector seriously think that a trained 
chemist is worth no more than the " wages ” he off ere, 
which are subject to the deduction of 4d. per week for 
insurance ? 

Does he realise that the kind of man he is asking for has 
in all cases spent at least five or six years in acquiring his 
technical skill, and during that time has provided main- 
tenance and fees at his own cost ? 

I am informed that these assistant chemists have been 
wanted for the past three or four weeks, but that no 
applicants for the post have appeared ; hence the 
advertisement. 

If any applicants do turn up it is certain that, like all 
other scientific men of British birth, they are animated by 
the patriotic desire to be useful to their country, and are 
willing to disregard official Insolence. But it will have to 
he remembered that, when the war is over, the Government 
of this country will not continue to receive scientific 


assistance at the wages of unskilled labour, alongside of 
which it is now ranked. 

For my part, I hope that no response will be made to 
this advertisement, for it is now more than ever necessary 
that the public should be lifted out of its state of ignorance 
as to the training, qualifications, and functions of chemists. 
—I am, &c., 

William A. Tildbn. 

The Oaks, North wood, Middlesex, 

February 15, 1915. 

CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— A ll degrees of temperature are Ccntigiade unices otheiwUc 
expressed. 


Comptes Rendus Hebdomadaires des Scanus de VAcadhnie 
des Sciences. Vol. clx., No. 3, January r8, 1915. 

Tautomerisra of Phenylpyruvic Acid.— J. Bougault 
and R. Hemmerld. - Phenylpyruvic acid can exist m the 
enol and ketonic forms. When the former is saturated 
with potassium bicarbonate or acetate it is gradually con- 
verted into the ketone form. The sodium salt of the 
ketone form when acidulated with hydrochloric acid gives 
a precipitate of the enol form. These transformations are 
accelerated by raising the temperature. The alkalis, like 
acids, are capable of converting the ketone into the enol 
form. By boiling phenylpyruvic acid with acetic anhydride 
CgHj.CH C.CO4H 

an acetate of formula | is formed. 

C 0 2 .CH 2 


MEETINGS FOR THE WEEK. 


Mokdai , March xst.— Royal Society of Arts, 8 (Fothcrgill LcUuiu). 

“ Motor Furls.," by Prof. V. It Lewes, 

- Royal Institution, 5 Grnnal Meeting. 

Tursiui , 2nd.— Royal Institution, 1 " Colour Photography Seim 

tific Applications," by Prof W. j. Pope tKS. 

— — Royal Society of Aits,4*Jo, "The Nm them Ti*n i 

tory of Australia Past, Picseut, and Putum,” by 
D. Lindsay. 

Wi ijnxsua* , 3rd.— Ro>al Society of Arts, 4..0. “ bhakuuh axe's P10 
tension " by W. Poel, 

— * Society of Public Analysts, S “ Soluble Chios ides 

and Total Chloiine in some Kuglish Cukes,” by 

S. W. Bridge. “ Routine I)c n euon and P.Hti 
mation of Boric Acid 11s Butter," l>y H. Hawley. 
“ Stiucturcol Pepper some Ni w Features,” by 

T. E Wallis "Otcm rente of Chlotinu in 
Coal,” by A. de Watle. 

Thursday, tth. -Royal Institution, "Pmtry and Wai," by Sii 
Ilerbeit Wairen, K C.V.O 

— Royal Society. 41 A Botamelriu Method of Deter- 

mining the Efficiency of Radiating Bodws” by 
W. A. Bone, II. L. Calltnddr, and II f Yati«. 
” Simplification of the Aiithmctical Processes of 
Involution and I< volution,” by K Chappell. 
“Elastic Properties of Steel at Moderately High 
Temperatures, ’ by I« . IC. Rowett. 

— Chemical, 8.30. ‘Steric Influence, Static and 

Dynamic," by O. C, M. Das is and F W, Kixou. 
“Interaction of Dimoicuriammonium Nitrite and 
the Alkyl Iodides— Nascent Mercurous Nitrite,” 
P. C. Rfty f “ Constitution ol Allautoin and Allied 
Substances,” by II, D. Dakin. 

Friday, 5 th,— Royal Institution, 9, ** Mumcry and Butterflies," by 
Pi of. E, B. Poulton 

Saturday, 6th,— Royal Institution, 3. “Recent Rcwarchcb on 
Atoms and Ions," by Sir J. J, Thomson, O.M. 


Royal Institution.— On Tuesday next, March 2, at 
3 o’clock, Prof. W. J. Pope will begin a course of two 
lectures at the Royal Institution on ‘ Colour Photography 
—Scientific Applications " : (1) « Photographic Apprecia- 
tion of Colour in Monochrome"; (2) “Photography in 
Natural Colours." On Thursday, March 4, Sir Herbert 
Warren begins a course of two lectures on w Poetry and 
War.” The Friday Evening Discourse on March 5 will be 
delivered by Prof. E. B. Poulton on “ Mimicry and Butter- 
flies"; and on March 12 by Sir Rickman j. Godiee, on 
** Back to Lister." 
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BRITISH IMPERIALISM. 

GERMAN KULTUR DEFINED.* 

By J TAYLOR PEDDIE, F.S.S 

In any consideration which is given to the working condi- 
tions which govern our national welfare we must not lose 
sight of the fact that as the leader of the greatest empire 
the world has known we have to assume great responsi- 
bilities to the constituent parts of the Bmpire, and to the 
world at large. Whether we do so adequately is another 
matter, but the fact remains that men, alter their primary 
wants are satisfied, seek for higher culture. It is this 
aspect of human activity which keeps the world moving 
and is the embodiment of the Christian doctrine. Certain 
it is that without the will to live for a definite objective 
life would cease to have any attraction for individuals. 
Goethe admirably expresses it in the following hneB 

“ He only gams his freedom and existence 
Who daily conquers them anew.” 

Leaders of German thought have long since recognised 
this aspect of human existence, and have developed ideals 
now known to us as “ German Kultur.” These ideals are 
roughly as follows : — 

1. The equalisation of all opportunities for the indi- 

viduals in the State. 

2. The preparation and development of individuals, 

through education and science, for the duties which 
lie before them as citizens of the State. 

3. That the duties which such individuals shall render 

to the State shall be more efficiently performed 
than the duties which the citizens of other nations 
may render to their respective States. 

4. That the various forces which constitute the life of 

the State, such as politics, the army, navy, in- 
dustry, science, and education, shall be organised in 
their respective spheres of activity and work cohe- 
sively for the national purpose. 

The question we have to solve is whether these German 
ideals have been established upon principles which m all of 
their essentials are sound from the democratic and Chris- 
tian point of view ; we think they have. But the rocks 
upon which these ideals have been broken, for the present, 
are feudalism, absolute monarchism, and militarism. The 
absolute monarch, the Kaiser, has made the ideals 
subservient to his own purpose, and, taken as a whole, 
from the Kaiser’s standpoint, we find a revival of an old 
economic principle. 

If we examine our history we will find that no large or 
varied economic activity has been possible under the as- 
cendancy of feudalism or absolute monarchism. Whilst 
feudalism and absolute monarchism may have been indis- 
pensable in the days when men were not as intelligent or 
educated as they are to-day, for the preservation of order 
and public defence, it is certainly out of place in this age 
of democracy. In the days of Plato we find that the 
governing factor in the life of the State was then, in an 
extreme form, the subordination of the individual to the 
will of the State. Among the ruling classes there was a 
contempt for those citizens who were engaged in industrial 
occupations. Every form of production, with a partial ex- 
ception in favour of agriculture, was branded as unworthy 
of a free man ; the only noble forms of activity were 
considered to be those directly connected with public life, 
whether military or administrative, and even Plato was 


* Read at the Institute of Industry and Science. 


impressed with the advantage of specialisation and or- 
ganisation in the life of the State. He explains clearly 
how the different wants and capacities of individuals 
demand and give rise to mutual services, and how, by the 
restriction of each to the sort of occupation to which, by 
his position, abilities, and training, he is best adapted, 
everything needful for the whole is more easily and better 
produced or effected. 

These views held sway until we reach Aristotle, and we 
find this great thinker modifying the views held by Plato. 
Aristotle traced the origin of society not to economic 
necessities, but to the natural social impulses in the human 
constitution, the nature of the social union when thus es- 
tablished being determined by the partly spontaneous, 
partly systematic, combination of diverse activities ; and 
he respects the independence of the latter whilst seeking 
to effect their convergence. On these grounds he opposes 
himself to the suppression of personal freedom and initia- 
tive, and the excessive subordination of the individual to 
the State. Aristotle summarily rejects many of the other 
theories held by Plato, but the point we desire to empha- 
sise is this, that German Kultur, in principle, was advo- 
cated by Plato for precisely the same purpose as the 
Kaiser and other rulers of Germany had in view prior to 
the declaration of war. Aristotle seems to have been 
more democratic in his sympathies except in so far that he 
advocated the exclusion from any share in the government 
of the State the immediate cultivators of the soil, the 
artificers, and mechanics, as he held the view that they 
were apt to be debased by the nature of their occupations. 
These views no doubt conform to those held by the advo- 
cates of German militarism. 

We have now shown that “German Kultur” as ex- 
emplified in the Kaiser and his military school is nothing 
new, but is a glorified expression of the views held by the 
ancients. The subtle feature of the new Kultur, how- 
ever, is in the higher intellectual development of the 
citizens of the German State through education and 
science in order that they shall 

(a) The more efficiently sustain the army and navy out 
of the profits of industry ; 

( b ) As members of the army and navy provide more 
efficient cannon fodder and be able to conduct the 
great War on scientific principles. 

Whilst, therefore, we may condemn w German Kultur 9 
as exemplified by the military school in Germany, let us 
examine the reason of the successful accomplishment of 
the objective the Kaiser and his military school have had 
in view. We do not have to go far for the solution, and 
it is this : If we exclude militarism and all it stands for 
from what is known as “ German Kultur ” we have a set 
of ideals remaining which have a vital, sustaining, and 
elevating influence. In the words of Professor Cramb, 
Germany may or may not attain the world empire of which 
she dreams ; but in the race for the spirit’s dominion, the 
mightier empire of human thought, who is her rival ? 
Where even is her competitor > Not England assuredly ; 
for in that region England in the twentieth century has a 
place retrograde almost as Austria or Spain. 

We are not inclined to be as pessimistic as to the future 
as Professor Cramb, for we have the capacity to equal the 
German standard if we will bat organise. The want 01 
result is simply due to want of organisation. Our leading 
men of science, education, and industry are as great as 
those of Germany, but we have, as a nation, not been 
educated to appreciate the significance of the words co- 
ordination, cohesion, and organisation. The errors of the 
German system can be avoided so long as we do not 
subject any organisation that may be deemed desirable to 
the will of the state. It must be based on freedom and 
the retention of the right of initiation. 

Whilst we may destroy Germany as a military power 
yet we can never destroy her power as an Intellectual 
nation, for her methods of organisation ensure continuity 
of policy and quality. And this brings us to the point 
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w bete we must ask ourselves what have we to offer in 
this sphere of activity as the leaders in the greatest Empire 
of the world. 

Professor Cramb defines the aim of British imperialism 
as follows : To give all men within its bounds an English 
mind ; to give all who come within its sway the power to 
look at the things of man’s life, at the past, at the future, 
from the standpoint of an Englishman ; to diffuse within 
its bounds that high tolerance in religion which has 
marked this Empire from its foundation ; that reverence 
yet boldness before the mysteriousness of life and death 
characteristic of our great poets and our great thinkers ; 
that higher justice and a larger freedom which, rightly or 
wrongly, we associate with the temper and character oi 
our race wherever it is dominant and secure. 

But are these political ideals enough ? As a counter- 
part to the German system of militarism and morals, and 
as the basis of a system of intellectual culture, they are 
excellent, but by themselves are they sufficient to satisfy 
the aspirations of men who seek for higher culture ? And 
who can deny that men, no matter in what station of life 
they may be placed, have not got innermost thoughts of 
that kind ? 

To hold the view that the sole purpose of our Empire 
in the past has been to give all men within its bounds 
an English mind is undoubtedly a correct interpretation 
of our policy of granting that larger freedom which we 
associate with our race ; but what of the future ? What 
have we to offer as a substitute for the ideals of Germany 
in the intellectual dominion or for the advancement of 
human welfare ? The answer is, of course, nothing. 

The shock of the great War must assuredly have 
awakened us to the responsibility which we, as the rulers 
of a great Empire, have assumed, and to the realisation of 
the fact that our shortcomings in the intellectual sphere of 
activity are many. And to what is it due ? To the Party 
system of government. To the belief that all wisdom was 
centred in the framers of political constitutions, and in 
allowing the initiative in all matters pertaining to the 
development of science, education, and industry to remain 
with them. Our time has been wasted in waiting for the 
settlement of political quarrels ; have we learnt our 
lesson ? Will the leaders of British industry and science 
come together and work for the good of the nation and 
Empire ? Will they open up a new outlook and set of 
ideals of British origin for the Empire so that all who may 
come within its sway may look at the things of life from 
the standpoint of a Briton ? 

It cannot be said that attempts have not been made. 
Take that remarkable address of Sir Norman Lockyer’s to 
the British Association at Stockport in 1903 on the In- 
fluence of Brain Power on History. It is almost pro- 
phetic in detail, but yet how many people are there who 
have absorbed its significance ? Very few indeed. Very 
many may have realised its importance, but have been 
content to leave its development to the Party system of 
government. To leave the initiative with the Government 
in these matters is, we believe, wrong in principle, for the 
officials cannot be expected by the nature of the work 
which they follow to have the requisite experience and 
knowledge to enable them to follow the development of 
the problems at issue to their logical conclusion* The 
officials must first of all give consideration to the political 
views of those who control the Government, and when- 
ever such considerations intervene in questions relating to 
the development of industry and of science impartial judg- 
ment cannot be exercised. 

Butgjgart from this it cannot be expected that the mem- 
bers opll Government or their officials can be the best 
judges of the working conditions which are best suited for 
the progress of national welfare in industry and science. 
These questions are not political in character— they are 
essentially practical ; hence they require the practical and 
scientific mind to evolve them. This brings us to the con- 
clusion, therefore, that the leaders of industry and science 
must establish their own organisation so as to retain the 


initiative in their own hands, and to shape out the working 
conditions essential for the nation’s progress and welfare, 
and incidentally for the progress and welfare of the 
Empire, in co-operation with the Government of the day, 
or without. In this age the greatness of a nation is de- 
termined by its intellectual efficiency and by the guidance 
which it can give to the inhabitants of the weaker States 
in the progress of human welfare. Shall we again resume 
that task in this sphere of activity ? 

“ Dream ye of peaceful away ? 

Dream on, wno dream it may. 

War still is empire’s word I 
Peace ? by the Victor’s sword ! ” 

As we have already indicated, the working conditions in 
which we lived prior to the declaration of war have 
undergone considerable modification and we hope will 
never return. 

We have had a few prophets amongst us who have fore- 
seen the present crisis, and bad we followed their advice 
the present War would not have been possible. In the 
military sphere of activity we have had Lord Roberts ; in 
the intellectual we have had Sir Norman Lockyer and 
Professor Cramb ; and we have also had the crusade by 
the Tariff Reformers. The failure of the campaign 
initiated by the latter group is due entirely to their 
want of appreciation of the intellectual factors. Several 
well-known Tariff Reform writers and politicians consider 
for instance that the great progress made by Germany is 
entirely due to her fiscal system, and they draw the same 
analogy with regard to the United States. We have had 
Tariff Reform excursions to Germany in order to show our 
workmen the excellent conditions in which German work- 
men lived, and how prosperous they had become under the 
system of protection. To attribute the great prosperity of 
German and American industry primarily to protection is 
wrong— it is primarily due to the high standard of their 
intellectual qualities. One is, however, a reflex of the 
other, and neither can succeed alone. When the War is 
finished we shall have to consolidate our position, and 
how is it to be done ? There has never been a period in 
our history, like the present, when it was more essential 
to have a clear conception of what Empire means. The 
permanence and prosperity of the Empire can only be 
made secure by strengthening its basis with brains, science, 
education, and the organisation of its industrial and 
national resources. Fiscal measures are secondary con- 
siderations, which can be employed as occasion serves to 
strengthen the props upon which the Empire should in 
reality be based. 


NOTE ON A FORMULA FOR THE CALCULATION 
OF THE ATOMIC WEIGHTS. 


„ „ By ARTHUR W WARRINGTON, 

Professor of Chemistry at the Kao Teng 1 1 such Tang, Chengtu ; 
"-rly Professor of Natural Philosophy at the Shansi University; 
id sometime Assistant Lecturer at the University College of 
Wales, Aberystwyth. 
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Living at a distance from centres of scientific investiga- 
tion and having little leisure for reading, the writer 
apologises should he unwittingly be retailing stale news. 

The approximate atomic weights can be calculated from 
the following formula ; - 

X - -1 4 * 2Y + o-oo8 Y* ; 

*n which X is the approximate atomic weight, and Y is the 
number of the element, assuming that there are only eighty- 
five elements between helium and uranium. 

The elements can be arranged in the seven periods 
shown in the accompanying table. 

While the above formula does not give any means of 
checking the accuracy of the determination of the atomic 
weights, it does suggest that the number of elements up to 
and including uranium is limited to eighty-eight. 
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Periods. 



I. 

II. 


III. 

IV. 


V. 

VI. 

VII. 

2 

— 

10 

Ne 

18 

— 

36 

— 

54 

X 

65 

— 

83 

_ _ 


He 

104 

— 

184 

K 

364 

Kr 

54i 

— 

654 

— 

834 

— 

3 


XI 

— 

19 

Ca, A 

37 

— — 

55 

Cs 

66 

— 

84 

— 

34 

— 

iii 

Na 

194 

— 

374 

Rb 

55 l 

— 

664 

— 

844 

— 

4 

Li 

12 

Mg 

20 

— 

38 

— 

56 

— 

67 

— 

85 

Ra 

44 


12I 

— 

20 1 

— 

384 

Sr 

564 

Ba 

674 

— 

354 

— 

5, 

Be 

13 

— 

21 

Sc 

39 

Y 

57 

La 

68 

Yb 

86 


54 

B 

*3i 

A1 

214 

— 

394 

Zr 

57 1 

— 

68J 

— 

864 

Th 

6 

14 

Si 

22 

— . 

40 

— 

58 

— 

69 

— 

87 

— 

64 

C 

i4i 

— 

224 

Ti 

404 

Nb 

584 

— 

694 

— 

874 

— 

7 

— 

15 

P 

23 

— 

41 

— 

59 

— — 

70 

— 

88 

— 

74 

N 

*54 

S 

234 

— 

4X4 

Mo 

594 

— 

704 

— 

884 

U 

8 

— 

16 

— 

24 

V, Cr 

42 

— 

60 

— 


Ta 


84 

— 

164 

cT 

244 

— 

424 

— 

604 

— 

7i4 

— 



9 

— 

*7 

25 

— 

43 

— 

61 

— 

72 

W 



94 

F 

i74 

— 

254 

Mn 

434 

Ru 

614 

— 

724 

— 







26 

Fe 

44 

Rh 

62 

— 

73 

— 







264 

— 

444 

— 

62J 

— 

734 

— 







27 

Co, Ni 

45 

— 

63 

— 

74 

Os 







27.1 

— 

454 

Pd 

634 

— 

744 

— 







28 


46 

Ag 

64 

— 

75 

Ir 







OO 
Kr— * 

— 

464 



754 

Pt 







29 

Cu 

47 

— 



76 

Au 







294 

Zn 

474 

Cd 



764 

— 







30 

— 

48 

In 



77 

Hg 







304 

— 

484 



774 








31 

— 

49 

— 



78 

Tl 







314 

Ga 

494 

Sn 



784 

— 







32 

— 

50 



79 

Pb 







324 

Ge 

504 

Sb 



794 

Bi 







33 

— 

51 

— 



80 

mm 





JM 


334 

As 

5i4 

— 



804 

— 







34 

— 

52 

— 



81 

— 







344 

— 

524 

— 



8i4 

— 







35 

Se 

53 

Te, I 



82 

— 







354 

3 r 

534 

— 



824 





J. J. Thomson’s highly suggestive theory of the con- 
stitution of the atom leads us to the conclusion that there 
will be no exact mathematical relation between the atomic 
weights. From Mayer’B arrangements of the magnets (see 
J. J. Thomson’s “Electricity and Matter,” p. ti6), we are 
led to believe that two elements having approximately the 
same atomic weights may have very similar or very dis- 
similar properties. Groups 3, 8, 13 and 4, 8, 12 contain 
the same number of magnets, and would thus, according 
to J. J. Thomson, represent elements having the same 
atomic weights and belonging to different groups in the 
Periodic Law. 

It is possible that the subject is worthy of the attention 
of a mathematician. 

Cheogtu, November 16, 1914. 


EXPANSION OP CHEMICAL AND DYE-STUFF 
INDUSTRY IN UNITED STATES.* 

(Concluded from p. 107). 

Coal-tar Products . — Benzol, toluol, and the like are 
produced in sufficient amount m present installations of 
by-product coke ovens to provide all of these things that 
would be needed for a coal-tar chemical industry of a 
magnitude sufficient to supply the United States market ; 
the separation of these materials from the gas that carries 
them is dependent upon the market and the demand 
therefor. There is no inherent defect in our coke 
industry with regard to the actual making of these things ; 
the only question involved is whether it be more profitable 
to burn the benzol, toluol, and the like contained in the 

* Prom the Chemical Engineer, xx., No. 6. 


gas as a fuel than to separate them from each other 
for purposes of sale. Ample supply can be provided before 
any plant that could use benzol and the like for dye-stuff 
making could be erected in the United States, and there- 
after the supply of these materials can readily be kept 
up to any requirements. 

The materials of the preceding paragraph are the ones 
used in the coal-tar explosives industry, as well as in the 
coal-tar medicinals and dye-stuffs industries. Each of 
these three industries co-operates with the others to make 
full use of those materials, alone none can fully make use 
thereof nor succeed ; the correct and proper utilisation of 
these materials requires successful co-existence of all three 
industries in one and the same country. 

Naphthalene and anthracene are contained in the tars 
produced in the United States in an amount sufficient for 
the needs of a domestic dye-stuff industry, and it is merely 
a question whether it is more profitable to leave them in 
the creosote oil, where they now occur, or to separate them 
out of such oil and refine them for purposes o I dve manu- 
facture. Ample supply of either of them could be pro- 
duced and provided at the same time or shortly after any 
plant could be erected in the United States for the use 
of these things in the production of dyes. 

What has been said with regard to the supplies of 
naphthalene is also true of the supplies of cresol. 

AH the creosote oil contained in the total amount of 
coke-oven tar now made is separated from it and used. 
Increased production of creosote oil requires a greater pro- 
duction of tar, and a greater production of tar is depen- 
dent upon increased installation of recovery coke ovens. 

Phenol or carbolic acid supply is primarly dependent 
upon our deliberately selected method of coal treat- 
ment ; to change that treatment so as to get more phenol 
would entail abandonment of other advantages which 
would not be compensated for by the increased amount 
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of phenol so produced. Under present circumstances 
freights and haulages play an important part. At isolated 
plantSi separated by considerable distances from each 
other, small amounts of phenol are produced, and the 
separation of the phenol at such individual places would 
be economically unprofitable, and in order to concentrate 
this amount of phenol to or at a point where separation 
could be conducted profitably would entail freight haulages 
much in excess of the value of the phenol that would thus 
be transported. 

The only source of phenol in sight is that produced 
synthetically from benzol by means of sulphonation and 
subsequent melting with caustic soda ; this depends in 
turn upon our benzol supply, and would be profitable only 
so long as the United States market is not killed by the 
dumping of foreign phenol thereon, whether such phenol 
be synthetic or distilled. 

Salicylic production depends upon availability of 
phenol, and the production of benzoic acid depends upon 
the availability of toluol, which has heretofore been 
discussed. 

Phthalic acid made from naphthalene by means of 
bichromate cannot successfully compete with the mercury 
and sulphuric acid process, which is protected by patents 
having about three years more to run. 

Miscellaneous Chemicals and Raw Materials . 

Acetic anhydride can be made without trouble in this 
country, and will be made in this country so soon as the 
domestic demand is large enough and steady enough to 
warrant the installation of a suitable plant, 

Nitric Acid.— All countries with the exception of possibly 
Norway and the countries importing from Norway are 
dependent upon Chile for the raw material for making 
nitric acid. It will not be profitable to make nitric acid 
from air in the United States until the value of the electric 
"“fibrse-power reaches a level of 3 or 4 dols. a year, as it is 
in Norway. 

Ammonia and its salts all depend upon recovery coke- 
ovens, and such recovery plants are increasing as fast as 
circumstances will permit. 

Barium chloride and other compounds of barium may 
be made from domestic barytes. A number of attempts 
have hitherto been made, but with indifferent success. 
Factories established within the last year promise to be 
successful. 

Magnesium chloride of a sufficient purity to be used 
in the production of flooring is almost generally made from 
magnesite found in Greece, which is the only deposit 
known having sufficiently high purity ; there are reports of 
suitable deposits in California and in Lower California, 
and with the completion of the Panama Canal the question 
of freights, which seems hitherto to have stood in the way 
of developing these deposits, may be eliminated. Other 
sources, less remote from centres of consumption, and 
using other materials, e.g, f brine waste, are about to be 
successfully operated. 

Manganese in the form of pyrolusite is not known to 
occur in paying deposits in the United States ; these are 
practically all m the Caucasus. 

Potash. — In view of the great exertions that have been 
made for a number of years, both on the part of the 
Federal Government through a number of its departments 
and a great many different groups of capitalists, there is 
nothing to be said in this report that would be of any 
value with regard to increased production of potash either 
as fertiliser or as a chemical. 

Yellow prussiate and sodium cyanide can be and have 
been made from domestic materials in such an amount as 
to provide practically the entire consumption or a great 
portion thereof in this country so long as there was a suffi- 
cient duty on them ; the present duty is not enough to 
protect the American manufacturer, and those who were 
engaged therein have in large measure withdrawn from the 
business, but some are reported to be taking up manu- 
facture cautiously and in limited amount. 


Ilydrosulphites in solution can be made from domestic 
materials without interference with any patent rights ; the 
production of solid salts and derivatives are, however, 
still protected by patents that have a few years more 
to run. 

Sodium nitrate is produced more cheaply as a by-product 
in Norway than it can be produced anywhere in the world ; 
unless the price of the electric horse-power in this country 
sinks to 3 or 4 dols. level per year, as in Norway, this 
product cannot be manufactured in the United States. 

Oxalic acid is and has been made to some extent in this 
country, and the information coming to your Commitee is 
that suitable efforts are being made to expand the capacity 
of existing plants. 

Tartanc Acid and Citric Acid. — To make this country 
independent of others with respect to tartaric acid and 
citric acid would call for radical changes on the part of 
our grape growers and our lemon growers as to the 
policy of their business. 

It is probably true that edible grapes do not produce 
argols (the crude material for tartaric acid) very laigely, 
and that our domestic lemons do not produce as large 
yields of juice (the crude material for citric acid), nor as 
high an acidity as do the Italian lemons; therefore an 
independent supply of the raw materials produced in the 
United States for tartaric and citric acids is, in the first 
instance, an agricultural problem, and in the second 
instance a market problem. 

General Remarks . 

Finally, it should be pointed out that the United States 
is by no means the only country whose chemical and 
allied business has been strained or upset by the European 
war. Each and every other country has felt the strain. 
British committees have gone into this same subject of 
expanding British chemical industries, and not only that, 
but also into the question of making their very basic 
necessities, and the reports have so far been adverse to 
any immediate relief by domestic manufacture. The 
Boston Chamber of Commerce, through its Committees, 
has arrived at the same conclusion for this country. 

It is further clear that the stability of a complete 
domestic chemical industry, in so far as it depends upon 
foreign supplies, is bound up to a successful merchant 
marine and to an efficient foreign banking condition, just 
as is all our foreign business. 

Findings. 

Voui Committee finds as follows, as to the facts : — 

1. Prior to the hostilities domestic chemical industry 
was utilising and exploiting every reasonable opportunity 
to its full extent. 

2. Since the outbreak of hostilities domestic industry 
has increased its output just as fast as physical means 
could be provided and physical obstacles overcome. 

3. Since the outbreak of hostilities domestic plants that 
had heretofore been shut down or partly dismantled 
because of disastrous foreign competition are said to have 
resumed operation with caution. 

4. That a 30 per cent duty on some coal-tar dyes for 
over thirty years has not produced a real coal-tar dye 
industry in this country. 

Conclusions . 

Your Committee submits its conclusions as follows 

A. To prevent the unfair underselling alleged to be 
practised by foreigners in this country, the adoption of an 
effective anti-dumping clause. 

B. The so-called coal-tar “intermediates” which are 
the basis of the coal-tar chemical industry, inclusive of 
explosives, medicinals, and dye-Btufis, should be assessed 
one-half of whatever the finished dyes are taxed for tariff 
purposes ; all coal-tar dyes without exception to be taxed 
alike, namely, 30 per cent ad valorem and 7J cents per 
pound specific. 
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C. Changes in the patent laws, such as by compulsory 
licensing or compulsory working clauses, are wholly 
ineffective, do more harm than good, and should not be 
attempted. 

Your Committee recommends that this report be sub- 
mitted to the appropriate committees of Congress. Further, 
that this report be forwarded to interested parties. 


Elementary Phosphorus , P 4 . 

The volume of phosphorus, on the supposition that its 
atomic value is 27*0, would be— 

P 4 a 108 o. 

We thus find— 

P 4 (elem,) 83-6 

P 4 (combined) . . . . 108-0 


THE CONSTITUTION OF SOME NITROGEN 
AND PHOSPHORUS COMPOUNDS, 

AND THE CONSTITUTION OF ELEMENTARY 
PHOSPHORUS. 

By GERVAISE LE BAS, B Sc. (Loud.). 
Hyponitrous Oxide, N 2 0. 

The formula for hyponitrous oxide cannot be any other 
than— 

<N 

ii> 

<N 

So far as we know, this has never been verified. The 
theory of molecular volumes enables us to do so. 

We may obtain an approximate value for N 2 0 at the 
boiling-point by means of D. Berthelot’s formula from the 
critical data— 

V « ira T ° 2 » H^X 309X3g_9 „ * rx 

P c (2T c -T) 73’6 (6x8-183) 

Since N - 15*6, O = 8-3 (Phil. Mag., Feb., 1914, p. 346). 

2 N 316 

O 83 

2*V* 39’9 

V»» 331 


-24*4 

That is, there is a large contraction of -24'4. This can- 
not be explained by means of the formula— 


P P 



for its molecular volume would, on this assumption, be— 

4P 108*0 

Less for d 4 .... 8*5 


S » Vfl 99*5 

Vm 83-6 

This formula, however, may be changed thus — 


P p P p 



The latter formula possesses three three-membered rings. 
The molecular volume would be — 


4P 108-0 

Four 03 rings . . . —26*0 (4x6*5) 


2»» Vtf 82*0 

V m 83-6 


Contraction for □ 3 . . . . —6*8 

The molecule of hyponitrous oxide thus contains a three 
membered ring (Phil. Mag., xxvii., 453, October, 1914). 


N 3 0 3 


0=N> 


o.A/ 

Fom II. 


Nitrous Anhydride. 

B.p. 3*5 d 0 i‘4S (Ohm. Kal.) 

Vm 52-4 

0»N V 

v \ 0 


2N .. .. 

30 .... 

Less for ring 
2 »Va . .. 


31*6 
24 9 

5 fi, 5 

-6*5 

50 o 

-2*4 


,J/ 

Form III. 


2N .. 
20" .. 

>0 

Vm52'4 SaV«. 


31*6 

16*6 

5*o 

53*2 

+o*8 


The observed volume is slightly below the value for 
compound constituted as in Form II. From this it is con- 
cluded that Form II. is true and that the following change 
ttkes place : — 

0-N v 0.-N v 

!> — > 

0-n/ o-sk 


An interesting explanation can be given to the cross- 
linked formula. It is really equivalent to a tetrahedron 
with a phosphorus atom at each corner. 



It follows that the directions of the valency links are 
along the edges of this tetrahedron. This applies to all 
trivalent atoms, and enables us to obtain a configuration of 
the molecules of their compounds. 

/Cl 
<NfCl 

\ci 

Starting from hyponitrous oxide and the correspondin 
hypophosphorus oxide, we can explain the formula of those 
phosphorus oxides which possess ring structure. 




4 st 5 1*936 b.-p. 173 C-45 V m *3 0 * 6 by 




Permanganate Determination of Iron in Presence oj Chlorides { c ”u^\^ s s ' 


114 


4P 

, . . . 108*0 

4 0” 

.. .. 33'2 

2>0 

, . . . 10*0 


151-2 

Less for 04 . . < 

.. . . - 8-5 


142*7 

Less for 2 d 3 

.. .. —13-0 

2 »Va •• •• < 

.. 1397 

Vm 

, . . . 130*6 


Both of these compounds indicate that, at least in the 
nascent state, the simpler compound exists 



THE PERMANGANATE DETERMINATION 
OF IRON IN THE PRESENCE OF CHLORIDES.* 
By O. L. BARNEBEY. 


employed for titration with varied quantities of hydrochloric 
acid and preventive solution. 

General Reagents . 

The Reinhardt • Zimmerman solution was made as 
follows 160 grms. of crystallised manganese sulphate, 
330 cc. phosphoric acid (sp. gr. 17), and 320 cc. of 
sulphuric acid (sp. gr. 1*84) diluted to 2400 cc. It is also 
designated manganese solution No. x, to distinguish it 
clearly from other preventives employed. This solution 
is in general use for the titration of iron. 

Other reagents used in this and other senes are as 
follows : — Hydrochloric acid, sp. gr. r 10 ; sulphuric acid, 
sp. gr. 1*40; phosphoric acid, sp. gr. 1*35; mercuric 
chloride, a saturated solution; stannous chloride, 200 
gims. SnCla.2H 2 0, and 70 cc. HC 1 (sp. gr. 1-20) per litre. 

The ferric chloride solutions used in each series following 
series six were analysed by the use of the Zimmerman - 
Reinhardt solution called in this paper “ manganese solu- 
tion No. x” At least one result is given in each series. 
Where only one result is given it is an average of two or 
more analyses. 

Special reagents for individual series will be described in 
connection with the series in which they are used. 

Volume oj Solutions Titrated . 


Since the original proposal of the permanganate titration 
of iron by Marguerite (Ref. i),f the method has undergone 
various modifications. The majority of these changes 
were made to obviate the high results obtained by titrating 
in the presence of hydrochloric acid. This error was first 
pointed out by LSwenthal and Lenssen (2), and later by a 
number of authors (3, 26). Kessler (4) first called atten- 
tion to the fact that considerable sulphuric acid, and still 
better manganese salts, greatly reduced the influence of 
the hydrochloric acid. Zimmerman (5) then proposed 
the use of manganese salts for this purpose, claiming as 
great an accuracy in hydrochloric as in sulphuric acid 
solutions. Reinhardt (7) next suggested the use of phos- 
phoric acid also, for the removal of the colour of ferric 
chloride to ensure a better end-point. 

The permanganate method, used very largely to-day for 
the determination of iron in ores, in brief is as follows 
Solution of the ore by heating with stannous chloride and 
hydrochloric acid, completion of the reduction by adding 
stannous chloride to the hot solution until colourless, 
dilution, addition of mercuric chloride to remove the excess 
of stannous salt, addition of the Zimmerman-Reinhardt 
solution (sometimes known as u preventive solution ”) con- 
taining sulphuric acid, manganese sulphate, and phos- 
phoric acid, and titration with permanganate, taking the 
first recognisable tint of colour, permeating the entire solu- 
tion for a short time, as the end-point (inasmuch as the 
end-point is somewhat unstable in the presence of 
chlorides), 

The question which has concerned most of the authors 
quoted is: — Does the Zimmerman-Reinhardt or similar 
solution really prevent the action of hydrochloric acid ? 
Birch (23) maintains that the method is only an approxi- 
mate one. However, the consensus of opinion of the 
various workers is that, if used in sufficient quantity, it 
stops practically all, if not all, of the influence of small 
amounts of hydrochloric acid. Friend (24) says the con- 
centration of hydrochloric acid should not be greater than 
o*2g M. Jones and Jeffreys (22) find a constant error, 
which is not obviated by any concentration of hydrochloric 
acid or manganese sulphate mixture. They recommend a 
subtraction of this error in each determination. To test 
this point, a standard solution of ferrous sulphate, con- 
taining sulphuric acid, was prepared, and its strength 
determined by permanganate titration in sulphuric acid 
solution. Equal volumes of this solution were then 
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Unless otherwise stated, the volume of the solution after 
dilution just preceding titration was about 500 cc. In 
most cases a considerable deviation from this volume is of 
very little consequence, but for the general purposes of 
this paper it is important. 

Use of Preventives containing Manganese. 

Table I. shows very concretely that no correction for an 
inherent error of the Zimmerman-Reinhardt method is 
necessary. However, it is easy to conceive a trace of iron 
in a reagent such as the stannous chloride, which, if used 
for the reduction of all the iron present, would introduce a 
fairly uniform error of the nature described by Jones and 
Jeffreys (22). 

A number of authors recommend a time interval between 
the addition of the mercuric chloride and manganese sul- 
phate solution. In some cases even ten minutes (26) is 
designated. This was investigated by titrating (a) 
with a time interval of twenty seconds, (ft) of thirty 
seconds, (s) of ten minutes, using the solutions employed 
in Table I. In (a) and (ft) vigorous stirring with a rather 
heavy glass rod accompanied the addition of the tin salt, 
and continued until the end of the titration. 

These results show that only a short interval of time is 
necessary between the addition of stannous chloride and 
mercuric chloride, if the solution is thoroughly agitated. 

Speed of Titration. 

Many series of analyses have been made in which the 
influence of the speed of titration was closely watched. 
In this study the permanganate was added at as nearly 
a uniform rate as possible until the end-point was closely 
approached, and then the titration was finished more 
slowly. The solutions were stirred vigorously during the 
entire titration to give uniformity of mixing. Series III. 
is typical of the results obtained. 

Another of the several series of analyses was performed 
using ferrous sulphate as the standard iron solution with 
analogous results. 

The results of Series HI. seem to justify the conclusion 
that, if the action of the hydrochloric acid has been offset 
by a sufficient excess of the preventive, no difference 
enters except the difference in burette drainage. (See also 
Series I.). However, if the amount of preventive just 
sufficient for a good result with considerable hydrochloric 
acid present in a slow titration be used under the same 
conditions, except in a faster titration, then more per- 
manganate is required. This confirms the work of 
Friend (24). 
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Table I. 

Series I. — Accuracy of the Zimmerman-Reinhardt Method* 

20 cc. FeS(>4 solution » 0*1338 grm. Fe. 1 cc. of KMn 0 4 solution -» 0*004386 grm. Fe,(o) 


Expt. 

Weight Fe 
taken. 

HC 1 . 

H2S01. 

Manganese 
solution No. 1. 

SnCfe. 

HgCl 2 . 

Weight Fe 

Deviation from 

Mo 

Cc. 

Cc. 

Cc. 

Cc. 

found. 

H2SO4 result. 

X. 

0*1338 

— 

20 

— 

— 

— 

0*1338 

— 

2, 

0*1338 

— 

20 

— 

— 

— 

0*1338 

— 

3 * 

0*1338 

- — 

20 

20 

— * 

— 

0*1337 

-0*0001 

4 * 

0*1338 

5 

— 

20 

— 

— 

0*1338 

— 

5 * 

0*1338 

10 

— 

20 

— 

— 

0*1337 

-0*0001 

6 . 

0*1338 

xo 

— 

20 

— 

— 

0*1337 

— 0*0001 

7 - 

0*1338 

25 

— 

20 

— 

— 

0*1339 

+ 0*0001 

8. 

0*1338 

40 

— 

20 

— 

— 

0*1351 

+0*0013 

9 - 

0*1338 

5 

— 

— 

— 

— 

0*1368 

+0*0030 

XO. 

0*1338 

xo 

— 

20 

0*06 

ro 

0*1338 

— 

XX. 

0*1338 

10 

— 

20 

0*10 

xo 

0*1337 

— 0*0001 

I2» 

0*1338 

10 

— 

20 

0*20 

10 

0*1338 

— 


(a) This is the average value obtained by checking the solution against electrolytic iron, sodium oxalate, and 
ferrous ammonium sulphate. All the permanganate solutions used in this investigation were standardised in a 
similar manner. 


Table II. 

Series II.— Interval of time necessary just before titration. 
1 cc. KMn 0 4 * o 004386 grm. Fe. 20 cc. FeS 0 4 
(-0*13 grm. Fe) + xo cc. HC1 + xo cc. HgCl 2 t-20 cc. 
Mn solution No. 1 taken. 


No. 

SnClj. 

Cc. 

Time 

interval. 

Weight of 
Fe found. 

X. 

0*06 

20 sec. 

0*1338 

2 . 

0*10 

20 sec. 

0*1340 

3 - 

0*10 

30 sec. 

0*1338 

4- 

0*10 

30 sec. 

0*1338 

S' 

0*10 

xo min. 

0*1338 

6 . 

0*10 

xo min. 

0*1340 


solution were acidified with zo cc. of hydrochloric acid (sp. 
gr. 1*10), heated, reduced with stannous chloride as usual, 
and diluted ; mercuric chloride was added, and the calomel 
filtered out. To the filtrates were added varying amounts 
of stannous chloride (40 grins. per litre), and the titration 
was finished as before indicated. No preventive was used 
in this series. Meineke (zi) likewise calls attention to the 
influence of calomel on the titration. 

All the end-points were indefinite, becoming more so as 
the quantity of calomel increased. The first semi- 
permanent tinge throughout the solution was taken as the 
end-point. These results show that when the hydrochloric 
acid is allowed to interfere in titration the amount of inter- 
1 ference is somewhat proportional to the concentration of 


Series III.— Effect of speed of titration. 1 cc. KMn 0 4 » 
0*004836 grm. Fe. 20 cc. FeCU* ( = 0*1717 grm. Fe). 
xo cc. HC 1 taken. 


Mn solution No 1. 

Time. 

Weight he found. 

Cc. 

Min. 

Sec 

Grin. 

20 

2 

30 

0*1717 

20 


45 

0*1718 


2 

30 

0*1717 

5 


45 

0*1732 

3 

2 

0 

0*17x9 

3 


45 

0*1739 

2 

2 

30 

0*1729 

2 

X 

45 

0*1727 

2 

I 

10 

0*1732 

2 


45 

0*1739 

2 


xo 

0*1755 


This solution contained 10 ec. HC 1 (i*a) per litre. 


In the work outlined in the following the solutions 
were stirred thoroughly, and the burette allowed to give a 
uniform flow of permanganate until the end-point was 
nearly approached, then the titration was finished more 
slowly, as indicated above. About z cc. for each 2 seconds 
was the rate adopted as a convenient basis for comparison 
of results. 

Efect of HgCl in Suspension . 

In a large number of titrations, in which an amount of 
preventive insufficient to stop the action of hydrochloric 
acid on the permanganate was used, a partial or com- 
plete disappearance of the calomel was noticed. This 
suggested the action of chlorine or hypochlorous acid on 
the mercurous chloride, thus reducing the concentration of 
active oxidising agent in solution, and correspondingly 
lowering the speed of oxidation of ferrous iron, hence 
requiring more permanganate to complete the reaction. 
To test this, measured portions of standard ferric chloride 


utuuiriei in suspension. 


Table III. 

Series IV.— Effect of suspended calomel. 


Expt. 

Weight 
of he 

IIC 1 . 

H < 5 c cl ' 

Excess of 
SnCls. 

Weight 

ofFe 

No. 

taken. 

Cc, 

Cc. 

found. 

1. 

0*1930 

xo 

20 

T 

0*2039 

2. 

0*1930 

IO 

20 

I 

0*2035 

3- 

0*1930 

XO 

20 

2 

0*2075 

4* 

0*1930 

10 

20 

3 

0‘2IQX 

5* 

0*1930 

xo 

20 

3 

0*2105 

6- 

0*1930 

xo 

20 

5 

0 * 2 X 49 


Quantity of Manganese Solution required* 

A series of analyses was made by reducing measured 
portions of a ferric chloride solution, adding the other 
reagents as in Series III., but using varying quantities of 
the manganous sulphate solution mixture. Another series 
was made keeping the manganous sulphate solution con- 
stant. In each determination one drop of stannous 
chloride was added in excess, and the resulting calomel 
left in suspension. 

The lower limit of accuracy under the conditions 
obtaining is seen to be 6 cc. of manganese solution mix- 
ture for 5 cc. of hydrochloric acid added to the other 
chlorides present. This amount would probably be some- 
what different for varying quantities of ferric chloride, 
and slightly varying with different individuals because of 
differences in manipulation. 

Manganese Solutions with and without Phosphoric Acid . 

A manganese sulphate solution containing x6o grms 
of crystallised salt m 2400 cc. was prepared and used in 
the following series. (This solution is designated “ man- 
ganese solution No. 2 M ). 
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Table IV. 

Series V. — Quantity of manganese sulphate solution re- 
quired. i cc. of KMn(>4 « 0*004887 grm. Fe. 20 cc. 
of FeCls( » 0-2290 grm. Fe) 4 10 cc. HgCla taken. 



Manganese solu- 

Weight 

ofFe 

Comments. 

HCl. 

tion No. z. 

Cc. 

Cc. 

found. 


5 

— 

0*2346 


5 

z 

0*2331 

End-point unstable. 

5 

2 

0*2314 


5 

3 

0*2302 ' 

End-point more stable. 

5 

4 

0*2299 

5 

5 

0*2299 


5 

6 

0*2290 



6 

xo 

0*2287 

0*2287 

-End-point good. 

5 

20 

0*2290 


5 

20 

0*2290 


5 

20 

0*2290 


10 

20 

0*2292 


15 

20 

0*2290 


20 

20 

0*2292 


25 

20 

o*22go 


30 

20 

0*2292 


35 

20 

0*2292 


40 

20 

0*2299 


50 

20 

0*2316 


55 

60 

20 

40 

0*2316 

0*2297 

-Part of HgCl dissolved. 

75 

40 

0*2302 


75 

40 

0*2302 , 


120 

80 

0*2321 

All of HgCl dissolved. 



Table V. 


Series VI. — Use of H3PO4 and HaS 0 4 with MnSO^ 1 cc. 
KMnOji ■■ 0*004847 grm. Fe. 20 cc. FeCl 3 (=o*2ioi 
grm. Fe, Experiments I— 15 inclusive) and 20 cc. 
FeCl 3 (■» 0*2310 nm. Fe, Experiments 16 — 28 inclu- 
sive) 4- 10 cc. HCT+xo cc. HgCla taken. 


Expt. 

Manganese solu- 
tion No. 2. 

HaSO** 

HsPO* 

Weight 

ofFe 

Deviation 

„ No. 

Cc. 

Cc. 

Cc, 

found. 


I. 

I 

— 

— 

0*2201 

+0*0X00 

2. 

2 

— 

— 

0*2205 

+0*0x04 

3 * 

3 

— 

— 

0*2l67 

+0*0066 

4 - 

6 

*— 

— 

0*2133 

+0*0032 

5 * 

10 

— 

— 

0*2133 

+0*0032 

6. 

15 

— 

— 

0*2X28 

+0*0027 

7 * 

35 

— 

— 

0*2118 

+0*0017 

8. 

50 

— 

— 

0*2X01 

— 

9 - 

50 

— 

— 

0*2X94 

+0*0003 

xo. 

35 

12 

— 

0*2X01 

— 

11. 

15 

8 

— 

0*2104 

+0*0003 

X 2 . 

xo 

5 

— 

0*2133 

+0*0032 

13 * 

xo 

15 

-- 

0 * 2 X 21 

+0*0020 

I 4 . 

10 

30 

— 

0*2 106 

+0*0005 

15 - 

xo 

50 

— 

0*2X23 

+0*0022 

x6. 

— 

12 

— 

0*2375 

+ 0*0065 

* 7 * 

— - 

X2 

— 

0*2382 

+0*0072 

x8. 

— 

— 

12 

0*2363 

+ 0*0053 

19. 

— 

— - 

12 

0*2375 

+ 0*0074 

20. 

25 

— - 

— 

0*2322 

+ 0*0012 

21. 

25 

— 

XO 

0-2307 

— 0*0003 

22. 

25 

— 

10 

0*2307 

— 0*0003 

* 3 - 

35 

— 

— 

0*2322 

+ 0*0012 

24- 

25 

— 

5 

0*23x0 

— 

35 - 

35 * 

5 

— 

0*23x2 

+ 0*0002 

26. 

25 

5 

— 

0*2312 

+ 0*0002 

27. 

25 

5 

— 

0*2310 

— 

28. 

25 


5 

0*2310 



This series shows (a) that manganese sulphate without 
sulphuric or phosphoric acid will prevent the effect of 
hydrochloric acid on the permanganate, (b) that a less 
amount of manganese sulphate is required when it is 
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accompanied by sulphuric or phosphoric acids, and 
(c) that sulphuric and phosphorie acids can be used 
interchangeably. 

On account of the fact shown in Series V., that the 
phosphoric and sulphuric adds could be used interchange- 
ably, it seemed worth while to make a solution of man- 
ganese sulphate in sulphuric acid, and test its prevention. 
Consequently, a solution was prepared containing 70 grms. 
of crystallised salt and 300 cc. sulphuric acid (sp. gr. 1*84) 
per litre). (This solution is designated “ manganese 
solution No. 3 ”). 

These results show that the use of phosphoric acid is 
merely a matter of preference. Except in the cases where 
40 cc. of hydrochloric acid was present, one solution 
seemed to be as good as another : however, in the latter 
case, what difference does exist is in favour of the phos- 
phoric acid. Of course, no such volumes of hydrochloric 
acid are used in the analysis of iron ores, making this 
point of less consequence. 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meetings February 18, 1915. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows 

M Gaseous Combustion at High Pressures .” By Prof. 
W. A. Bone, F.R.S., and others. 

The paper gives an account of investigations carried 
out with an installation of apparatus specially designed for 
the purpose. 

Mixtures of methane with less than its own volume of 
oxygen were exploded in steel bombs at initial pressures 
of between 8 and 32 atmospheres. The results were in 
harmony with the u hydroxylation w theory of hydro- 
carbon combustion put forward some years ago by Prof. 
Bone. The influence of various secondary reactions upon 
the products of primary oxidation whilst the gases are 
cooling down after attainment of maximum pressure is 
discussed in the light of the experimental results. 

Results of experiments upon an equimolecular mixture 
of ethane and oxygen, whose behaviour is crucial in 
respect of the different views of hydrocarbon combustion 
advanced in recent years, have again confirmed the hydr- 
oxylation theory. 

Another section of the paper deals with an experimental 
determination of the relative affinities of methane, hydro- 
gen, and carbon monoxide for oxygen in flames. It is 
shown (1) that the affinity of methane is at least twenty 
times as great as that of hydrogen ; (2) that when mixtures 
corresponding to CH 4 +02+*Ha are fired under high 
initial pressures, in which the partial pressures of methane 
and oxygen are kept constant and x only varied, the dis- 
tribution of oxygen between the methane and hydrogen 
varies with x 2 — which means that hydrogen is burnt directly 
to steam in flames as the result of thetri-molecular change 
2Ha + 0*2Ha0, and not (as some have supposed) in- 
directly through hydrogen peroxide. 

The affinity of carbon monoxide is shown to be com- 
parable with that of hydrogen for oxygen in flames. 

Experiments are described in which mixtures of ethy- 
lene, oxygen, and hydrogen, corresponding to 
CaH 4 -t-02+*H2, were exploded at high initial pressures ; 
inter alia itwas found possible to increase x up to 8 
without causing deposition of carbon on explosion. The 
theoretical bearing of the results is discussed. 

The final section describes experiments in which the 
whole pressure curves, up to and far beyond the attain- 
ment of maximum pressure, were recorded when mixtures 
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corresponding to (i) 2H3+O2+ 4N*, (2) 2CO +0* f 4N3, 
and (3) CH4+O2+4N3 are exploded under initial pres- 
sure ot about 50 atmospheres. The rates of attainment 
oi maximum pressure in each case have no direct relation 
to the order of affinities of the various gases for oxygen. 

“ The Orbits of a Charged Particle round an Electric 
and Magnetic Nucleus ” By Prof. W. M. Hicks, F.R.S. 

Two problems are discussed — the orbits of a-particles 
and the orbits of electrons round nuclei containing mass, a 
definite number, «, of positive electronic charges, and a 
definite number, N, of co-axial magnetons — the motion 
being in their equatorial planes. 

It is found that combined systems (atoms) with a-par- 
ticles may exist in which the a-particle revolves in per- 
manent connection with the nucleus, provided the internal 
energy of the atom is greater than a certain critical value, 
and that states of “radio-active 1 ’ instability occur in 
which, after a combination of long duration, the a-particle 
is shot off to infinity. The exact velocity of emission in 
any case depends on the values of the », N, but it is of 
the order of magnitude of the velocity of emission of a-rays 
from radium. 

In the case of electronic orbits, in addition to the com- 
bined systems with internal energy less than from infinity, 
there can exist also permanent systems in which the in- 
ternal energy is greater than that from infinity, although 
less than a certain critical amount, and in which again 
states of “radio-active” instability occur of the proper 
order of magnitude. 

We are scarcely yet in a position profitably to attempt 
to formulate a definite theory of the nuclear structure of 
the atom. Before this is possible, scientific imagination 
has to be guided by definite knowledge as to tne pro- 
perties of a number of special cases susceptible of accurate 
mathematical analysis. It is merely as a contribution to 
such a pioneer survey that the present communication is 
offered. 

“ The Lunar Diurnal Magnetic Variation and its 
Change with Lunar Distance .” By S. Chapman. 

Balfour, Stewart, and Schuster have developed a theory 
of the solar diurnal magnetic variations which attributes 
them to electric currents in the upper atmosphere, im- 
pelled by electromotive forces produced by the motion of 
the air across the earth’s permanent magnetic field. The 
atmospheric conductivity is supposed to be wholly or 
partly due to Bolar influence and varies with the sun’s 
hour angle. 

This theory apparently applies also to the lunar diurnal 
magnetic variations which possess a semi-diurnal com- 
ponent of constant phase, together with other components 
whose epochs depend on the angular distance between the 
moon and sun ; hence, when averaged over a lunation, all 
components save the former disappear. The suggested 
solar influence on the atmospheric conductivity is thus 
supported, and a semi-diurnal atmospheric oscillation — 
such as a lunar atmo&pheric tide— is suggested as the 
source of the magnetic variations. 

Before this theory was developed, Brown (“ Trevandrum 
Observations, 1863 ”) had found that the amplitude of the 
12-hour magnetic component at perigee was to that at 
apogee in the ratio of (lunar distance) -3 at the two epochs 
— “ as in the tidal theory, 11 he briefly remarked ; but Figee 
(“Batavian Observations, 1903”) disputed this conclusion. 
The present paper discusses the evidence, of this direct 
kind, for or against a tidal origin of these magnetic varia- 
tions. Brown’s and Figee’s data are used, together with 
much newly computed material from other observatories. 
The total hypothesis is confirmed, although on account of 
the accidental errors affecting the minute quantities under 
discussion, the exact law of (distance)—**, with »»3, is 
not beyond question, but if n is assumed necessarily 
integral, its value is certainly 3 and not 2 or 4. 

The investigation also revealed an unexpected phase 
change of the 12-hour term, the phase at perigee being 
about 30° ahead of that at apogee. A discussion of the 


known facts connected with the lunar magnetic variation 
fails to afford any explanation, and it is possible that the 
phenomenon will prove a clue to some important but 
hitherto unrecognised factors in these magnetic or tidal 
phenomena. 

“ Some Temperature Refraction Coefficients of Optical 
Glass. 9 * By Lieut- Col. J. W. Gifford. 

This is a supplement to a paper read in 19x2 in which 
the refractive indices for 13 wave-lengths of 27 different 
glass meltings were given by the author. To this 
table are now added similar indices for six more Jena 
glass meltings, including those for the recent fluor crown. 

This is followed by a table of the temperature refraction 
coefficients for all the glass meltings dealt with, and 
attention is drawn to the abnormal coefficient for fluor 
crown which is a minus quantity. 

An attempt is then made to determine, if only approxi- 
mately, the influence of barometric changes on the re- 
fractive powers of optical glass which would seem to be, 
similarly, a minus quantity, amounting to something like 
six units in the sixth decimal place only. 

CHEMICAL SOCIETY. 

Ordinary Meeting , January 21, 1915. 

Prof. W. H. Perkin, LL.D., F.R.S., President, 
in the Chair. 

The President referred to the following losses by death 
sustained by the Society since the last Ordinary Scientific 
Meeting: Carl Liebermann (Honorary and Foreign 
Member], John Henry Baldock, Charles Cochrane lies 
(killed m action), John Esson McGill vray, Theodore 
Maxwell. 

Messrs. T. S. Moore, H. Atlas, and H. Ratcliffe were 
formally admitted Fellows of the Chemical Society. 

Certificates were read for tbe first time in favour of 
Messrs. Walter Thomas Davies, B.A.,B.Sc., 115, Station 
Road, Old Hill, Staffordshire; Robert George Fargher, 
M.Sc., 34, Myddelton Square, E.C. ; NagardaB Purushot- 
tam Gandhi, M.A., B.Sc., care of Messrs. Jamal Bros, 
and Co., Ltd., Rangoon, Burma ; Lemuel Lucas Joshi, 
M.D., B.Sc., Girgaon, Bombay, India; Thomas Morison 
Maben, 16, Battery Road, Singapore, S.S. ; Kenneth 
George Marsden, B.A., Culloden, Neboda, Ceylon ; John 
William Mitchley, North View, King’s Lynn; Charles 
Smart Roy, Ph.D., 6, Broomhill Road, Goodmayes, 
Ilford ; Sydney Smith, Ph.D., B.Sc., 2, Sunbeam Cottages, 
Dartford Heath, Dartford; Maurice White, 53, Eastern 
Road, Romford. 

Certificates have been authorised by the Council for 
presentation to ballot under By-law I. (3) in favour of 
Messrs. Mammatha Nath Chatterji, Department of Agri- 
culture, Patkapur, Cawnpore, India ; Sreenagula 
Mallannah, H.H. the Nizam’s Government, Hyderabad, 
India. 

The following papers were read 

“ iso Quinoline Derivatives . Part VIII. The Constitu- 
tion of the Reduction Products of Papaverine (continued). 
The Constitution of Pavine” By Frank Lee Pvman. 

** Syntheses of $-Qxy(i)tHonaj>hthen. 99 By BrojeN- 
dranath Ghosh and Samuel Smiles. 

“ The Behaviour of Colloids towards Mined Liquids . 
Part I. The Systems: Caoutchouc- benzene-alcohol and 
Caoutchouc-benzene-acetone .** By William Augustus 
Caspari. 

Ordinary Meeting , February 4, 1915. 

The President referred to the loss sustained by the 
Society, through death, of Nathaniel Bradley and John 
Smyth. 
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Messrs. G. W. Grinling and A. W. Stewart were 
formally admitted Fellows of the Chemical Society. 

Certificates were read for the first time in favour of 
Messrs. Alfred Louis Bacharach, B.A., 7, Strathray 
Gardens, Eton Avenue, N.W.; Reginald Ernest Essery, 
B.Sc., 24, Osterley Park Road, Southall; John Ernest 
Mason, B.Sc., The Old Vicarage, Barlby, Selby ; Henry 
Taylor Fowkes Rhodes, 50, Sydenham Park, Sydenham, 
S.E. 

The following papers were read — 

« The Oxidation by Aconitine By Georoe Barger 
and Ellen Field. 

“ Azotisation of Chloroamine By Martin Onslow 
Forster. 

« The Influence of Sucrose and Alkali Chlorides on the 
Solvent Power of Water.” By Jambs Charles Philip 
and Arthur Bramley. 

Ordinary Meeting , February 18, 1915. 

Certificates were read for the first time in favour of 
Messrs. Frank Theodore Alpe, Bracondale, Wymondhara, 
Norfolk; Frederick Charles Ball, B.Sc., 50, Hindley 
Road, Dudley; Harri Heap, M.Sc., Brunside, Lyndhurst 
Road, Withington, Manchester; Colin Henry Lumsden, 
B.Sc., Homelea, Sandcliffe Road, Erith, Kent. 

A certificate has been authorised by the Council for 
presentation to ballot under By-law I. (3) in favour of 
Leonard Richmond Wheeler. B.Sc., Queen’s Royal College 
Port of-Spain, Trinidad, B.W.I. 

The President announced that the following changes 
in the officers and Council were proposed by the Council 

President to retire— Prof. W. H. Perkin. 

Vice-Presidents to retire— Prof. E. J. Mills and Prof. 
G. T. Morgan. 

Treasurer to retire — Dr. Alexander Scott. 

Ordtnary Members of Council to retire — Mr. E. J. 
Bevan, Prof. A. J. Brown, Dr. H. G. Colman, Prof. A. 
Harden. 

As President— Dr. Alexander Scott. 

As Vice Presidents who have filled the office of Preeident — 
Prof. H. E. Armstrong, Prof. A. Crum-Brown, Sir 
William Crookes, Sir James Dewar, Prof. Harold B. 
Dixon, Prof. Percy F. Frankland, Dr. A. G. Vernon 
Harcourt, Pro.f R. Meldola, Dr. Hugo Muller, Prof. W. 
Odling, Prof. W. H. Perkin, Sir William Ramsay, Prof. 
J. Emerson Reynolds, the Right Hon. Sir Henry Roscoe, 
Sir Edward Thorpe, Sir William A. Tilden, 

4 s Treasurer— Dr. M. 0 . Forster. 

As Honorary Secretaries— Dr. Samuel Smiles and Prof 
J. C. Philip. 

As Foreign Secretary — Prof. Arthur W. Crossley. 

As Vice-Presidents— Prof. H. Brereton Baker, Dr. 
Horace T. Brown, Prof. P. P. Bedson, Mr. C. T. 
Heycock, Prof. F. R. Japp, and Prof. R. Threlfall. 

As New Ordinary Members of Council — Mr. D, L. 
Chapman, Prof. F. G. Donnan, Mr. W. Macnab, and 
Prof. J. F. Thorpe. 

Sir James J. Dobbie, Sir Alexander Pedler, and Prof. 
A. Liversidge were elected Auditors to audit the Society’s 
Accounts. 

Prof. T. S. Moore and Mr. R. E. Jackson were elected 
Scrutators, and a ballot for the election of Fellows was 
held. The following were subsequently declared duly 
elected Samuel Culloch Bone ; Sidney Albert Brazier, 
M.Sc.; Neal Brodie, B.Sc. ; Frank Buckley; Manmatha 
Nath Chatterji; Walter Thomas Davies, B.A., B.Sc.; 
John Gerald Frederick Druce; Robert George Fargher, 
M Sc. ; James Fraser ; Negardas Purushottam Gandhi 
M.A., B.Sc. ; Lemuel Lucas Joshi, M.D , B.Sc. ; Reginald 
Robert Kuntzen; Thomas Morison Maben ; Ronald 
Maclnnes ; Sreenagula Mallannah, M.D., C.M. ; Kenneth 
George Marsden, B.A. ; Frederick Alfred Mason, B.A., 
Ph,D. ; John William Mitchley; Albert Parket, M.Sc.; 


Arthur Dawes Robinson, B.A. ; Charles Smart Roy, 
Ph.D.; Harold Gordon Rule, B.Sc., Ph.D.; RamtaranSen; 
Harry Shulman, B.Sc., Sydney Smith, B.Sc., Ph.D, ; 
John Taylor, M.Sc. ; Henry Terrey, B.Sc. ; Su-hian 
Ting ; Maurice White, 

The following papers were read 

“ Researches on Silicon Compounds. Part IX. Constitu- 
tion 0 f Silica, Silico-oxalic Acid , and Mesosihco oxalic 
Acid” By Geoffrey Martin. 

“ New Halogen Derivatives of Camphor. Part I. a- 
Chlorocamphor .” By T. M. Lowry and V, Steele. 


PHYSICAL SOCIETY. 

Annual General Meeting , February 12, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

The Report of the Council was taken as read* 

The Report of the Treasurer was read by Mr. Duddell. 

Both reports were put to the meeting and unanimously 
adopted. 

Votes of thanks to the Auditors, the Officers and 
Council, and the Governing Body of the Imperial College 
were carried unanimously, the respective proposers and 
seconders being Principal S. Skinner and Mr. S. D. 
Chalmers, Mr. A. A. Campbell Swinton and Mr. D. 
Owen, and Mr. W. Duddell and Mr. C. C. Paterson. 

Prince B. Galitzin was balloted for and elected an 
Honorary Fellow of the Society. 

The following is the list of officers elected for the 
ensuing year : — 

President— Sir J. J. Thomson, O.M., D.Sc,, F.R.S. 

Vice-Presidents (who have filltd the office of President) 
— Prof. G. C* Foster, F.R.S. , Prof. W. G. Adams, M.A., 
F.R.S., Prof. R. B. Clifton, M.A., F.R.S., Prof. A. W. 
Remold, C.B., M.A., P.R S , Prof. Sir Arthur W. Rucker, 
M.A , D.Sc., F.R.S,, Sir W. do W. Abney, R E., K.C.B., 
D.C.L., F.R.S., Prin. Sir Oliver J. Lodge, D.Sc., 
F.R.S , Prof. S. P. Thompson, D.Sc., F.R.S., R, T. 
Glazebrook, D.Sc., F.R.S., Prof. J. Perry, I).Sc,, F.R.S., 
C. Chree, Sc.D., F.R.S., Prof. H. L. Callendar, M.A., 
F.R.S , Prof. A. Schuster, Ph.D., F.R.S. 

Vice-Presidents— W. R. Cooper, M.A., B.Sc*, A. 
Russell, M.A., D.Sc., F, E. Smith, R. S. Whipple. 

Secretaries-— S. W. J. Smith, M.A., D.Sc., F.R.S., 
W. Eccles, D.Sc. 

Foreign Secretary -R. T. Glazebrook, D.Sc., F.R.S. 

Treasurer— W. Duddell, F.R.S. 

Librarian—S . W. J. Smith, M.A., D.Sc., F.R.S. 

Other Members of Council — S. D. Chalmers, M.A., 
Prof. G. W. O. Howe, M Sc., Prof. J. W. Nicholson, 
M.A., D.Sc., Major W. A. J. O’Meara, C.M.G., C. C. 
Paterson, C. E. S. Phillips, F.R.S.E., Prof. A. W. Porter, 
B.Sc., F.R.S., Prof. 0 . W. Richardson, M A., D.Sc., 
F.R.S., Prof, the Hon. R. J. Strutt, F.R.S., W. E. 
Sumpner, D.Sc. 

A paper entitled 11 A Galvanic Cell tvhich Reverses its 
Polarity when Illuminated ,” was read by Mr. A. A. 
Campbell Swinton. 

If two plates— one of zinc and the other of tinned 
copper coated on one surface with selenium and varnished 
with enamel over the remainder of its surface — are im- 
mersed in tap-water, the electric current through a gal- 
vanometer connected to the plates shows that in the dark 
the zinc is electro-positive to the selenium, while the 
result of light falling on the selenium is to increase the 
effect. 

If, however, instead of zinc, carbon or copper is em- 
ployed for the non coated plate, the interesting result is 
obtained that, while the selenium proves to be electro- 
positive to the carbon or copper in the dark, it imme- 
diately becomes electro-negative to carbon or copper the 
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moment it is illuminated, this being easily shown by the 
deflections of the galvanometer in contrary directions as 
the light is turned on and off. 

Discussion. 

Prof. T, Mather asked if the increase of current pro- 
duced by the illumination was proportional to the E.M.F. 
which the author had detected with the quadrant electro- 
meter. 

Mr. S. D. Chalmers asked if the heat waves would 
produce the effect. 

Mr. W. Duddell commented on the fact that the 
visible rays were most effective while the ultra-violet rays 
were ineffective, and contrasted the result with the recent 
discovery that selenium is very sensitive to X-rays. 

Mr. D. Owen asked if the action was instantaneous. If 
so, by using intermittent illumination one should get a 
strong effect produced in a telephone circuit. 

Mr. G. D. West thought that the ineffectiveness of the 
ultra-violet radiation might oe due to the adsorption of 
these rays which was bound to occur in the electrolyte. 

The Author, in reply, said that the extreme instability 
of the cell made it impossible to co-ordinate readings of 
the current and the E.M.F. produced by illumination. He 
did not think heat waves were able to produce the effort, 
as passing the light through a solution of alum did not 
greatly reduce it. The action, he thought, was practically 
instantaneous. He agreed that the absorption of the cell 
would probably account for the ineffectiveness of the ultra- 
violet rays. 

A paper entitled “ On the Criterion of Steel suitable for 
Permanent Magnets? by Prof. S. P. Thompson, F.R.S., 
was read in abstract by the Secretary, the author not being 
present. 

Whatever the form to be given to a permanent magnet, 
the prime requisites as to the quality of the steel are (i) 
large remanent magnetism (Xrem. ) and a high coercive 
(force $c). Since Hopkinson’s determinations of 1S85 it 
has been supposed that for the purpose of making per- 
manent magnets the best material would be that for which 
both of these quantities and, consequently, their numerical 
product, should be as high as possible. Recently Mr. 
J. A. Mathews and, independently, Mr. J. R. Ashworth, 
have proposed to take the ratio JjJc -Ciem. or Brcm/ 
which only differs in sale as the criterion. 

To decide as to the suggestion to take the ratio instead 
of the product a table giving the values of Irem/ 
Jjtc -rlrem.' and Jftc X Irera. for a number of steels is given, 
and it is clearly shown that the use of the ratio as a criterion 
of magnetic usefulness leads to most absurd results. As mi 
example, annealed manganese steel (almost non- magnetic) 
should, judging from the ratio, be six times as good as 
Remy steel, whereas in reality, for equality of pull, a 
magnet of manganese steel would require to be 312 times 
the weight of that made of Remy steel. The qualities 
requisite in an ideal steel for permanent magnets are 
indicated. 

Discussion. 

Dr. S. W. J. Smith said that in cases (by far the most 
numerous) in which it was as essential that the moment of 
the magnet should be high as that it should be permanent, 
the criterion He + lr a maximum obviously had very 
little to be said for it in comparison with the criterion 
He X lr a maximum as Prof. Thompson had so clearly 
shown. It was possible, however, to think of cases 
where a “ permanent magnet” might be required in which 
the constancy of the moment might be much more im- 
portant than its magnitude. In these cases more might 
be said in favour of the ffrst criterion. He pointed out 
that the choice between two different materials for a par- 
ticular purpose might depend as much upon the shape of 
the IH curve as upon the values of I* and He 

Mr. A. Campbell said that for practical purposes it was 
important that I* should be large or else a large coercive 
force was of no use. He agreed therefore that the pro- 
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duct of He and I? was the most useful criterion, and 
could not think of a case where the quotient would give a 
useful indication of the quality of the steel. 

Dr. C. Chree said that peculiar cases were often en- 
countered in which it was difficult to say exactly what in- 
terpretation should be put on the terms “permanent 
magnetism,” " coercive force,” &c. Some years ago he 
had had occasion to demagnetise a bar of cobalt. He had 
used the ordinary method of reversals, accelerating the 
process by hammering. By this process he actually re- 
versed the magnetisation, a phenomenon which he attri- 
buted to the original magnetism being in the opposite 
direction in the outer layers to what it was in the inner 
core, the magnetism of the outer layers being destroyed 
by the hammering. He had also found with a certain dip 
needle that it could be magnetised more strongly in one 
direction than in the other. It was afterwards found that 
the steel from which the dip needle was made had been 
magnetised very strongly in that direction by the maker. 
There was another factor of importance besides the per- 
manence of the moment of a magnet, and that was per- 
manence of the distribution of the magnetisation. He 
cited the case of two Kew magnetometer magnets 
which had inadvertently been allowed to touch. Their 
moments were unaltered, but their mutual influence was 
considerably affected owing to a change in the distribution 
of the magnetisation. 

Mr. E. H. Ray ner communicated the following From 
a practical point of view a high value for the product of 
remanence x coercivity is to be desired with the proviso 
that a low value in one of them cannot compensate for a 
corresponding unusually high value in the other. A 
H figure of merit ” might be made out by penalising the 
material in both of these properties, counting only after a 
certain value has been attained. ThiB figure might be 
calculated from the formula (I r - 400) x (H -20). This 
would give a positive figure of merit to fifteen materials in 
the list given in the paper, implying that from a practical 
point of view the rest were comparatively worthless. The 
order of those with a positive figure of merit is much the 
same as the order of the magnitudes given in the last 
column of the paper, the first four being in the same order 
and the fifth and sixth inverted. The most notable excep- 
tion is the molybdenum tungsten steel which comes tenth 
in order of merit in the last column of the paper, but 
which by reason of having a value for lr of less than 400 
— namely, 370— has a negative figure of merit on the 
basis suggested* It would be interesting if Prof. Thompson 
could give some idea of what is the minimum value for 
He, which is desirable in a good permanent magnet for 
commercial purposes, such as magnetos for explosion 
engines. 

A paper entitled "An Investigation of the Photographic 
Effect of Recoil Atoms? by Messrs. A. B. Wood, M.Sc., 
and A. I. Steven, M.A., was taken as read. 

The ionising, phosphorescent, and photographic effects 
of the a -particles from a radio active substance entirely 
cease when the particle still retains about 40 per cent of 
its kinetic energy. It appears possible, therefore, that the 
recoil atoms from a radio-active source should be able to 
affect a photographic plate, for though the range of a 
recoil atom is only about 1/5 ooth of that of the a-paiticle 
shot off from it, the ionising effect has been shown by 
Wertenstein and one of the authors to be ten times as 
powerful over the corresponding range as that of the 
«-particle. 

Attempts have thexefore been made to demonstrate 
this action in the case of the recoil atom from polonium, 
this substance being chosen on account of the inactive 
nature of the recoiling atom. Two distinct methods were 
employed : (1) The recoil atom was “ absorbed ” ; (2) the 
difference of deflection of the a-particle and the recoil 
atom in a strong magnetic field was utilised in order to 
attempt to separate their effects. “Schumann” plates 
were used as being most easily penetrable, but in all cases 
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MICROSCOPIC TESTS ON OPAQUE MINERALS* 
By EVEREND L. BRUCE. 

The determination of opaque minerals when occurring 
as small grains in rocks, or when in intimate associa- 
tion in ores, is one of the difficult and uncertain 
problems of mineralogy. The translucent and trans- 
parent minerals yield to well known microscopic methods, 
but thus far few such tests have been devised for 
the opaque minerals. Considerable work has been done 
by different investigators, largely, however, with the 
purpose of ascertaining the paragenesisof known minerals 
rather than determining unknown ones. It is the purpose 
of this paper to combine the various tests devised by those 
who have worked along this line with a few additional 
methods that seem applicable to the problem, in an 
attempt to construct at least a partial determinative 
scheme. 

Among the early articles on the subject is one by 
William Campbell (Economic Geology , ii», 350), giving the 
following distinguishing characteristics for the minerals 
studied : — 

Magnetite.— Steel grey colour; polishes well; etches 
along parting planes, often yielding gridiron struc- 
ture ; H « 5 J to 

Chalcopyrite.— Yellow colour; Polishes easily; H = 4. 

Pentlandite . — Light bronze colour ; polishes better than 
pyrrhotite; not so brittle; sometimes shows dis- 
tinct cleavage ; distinguished from pyrrhotite by 
etching ; H m 4, 

Pyrite . — Pale brass colour ; polishes with difficulty ; 
usually shows scratches ; polishes in relief ; H = 6 
to 6J. 

Pyrrhotite.— Light bronze colour similar to pentlandite ; 
more brittle than pentlandite and shows a pitted 
surface; H»4*, by immersing a specimen in hot 
HC1 (1 ; z) pyrrhotite is attacked, while pentlandite 
is not. 

Campbell and Knight used the method of polishing and 
etching on various cobalt ores, but no definite determina- 
tive tests are recorded. 

Bastin, in his paper on metasomatism >n sulphide 
enrichment, records the fact that polybasite with strong 
HNO3 is not etched so readily as chalcocite, but slowly 
exhibits a yellowish brown colour with a slight iridescence 
in places. Chalcopyrite similarly treated shows a faint 
peacock tarnish. 

The most detailed work on the identification of opaque 
minerals is that of F. C. Lincoln. He has examined the 
gold ores and constructed the accompanying scheme for 
the determination of most of the several gold minerals 
(o « no effect). 

Etching by means of an electric current produced by a 
small platinum triangle has been tried by Beijerinck with 
the following results : — 

Cassiterite.— Deposit of black metallic tin. 

Chalcopyrite. — Becomes black, 

Pynte and Pyrrhotite . — Not affected. 

In constructing a scheme from these tests and from 
others that were devised, the object aimed at was the 
determination of minute grains of mineral. This was not 
always successfully done. Some of the results depend on 
chemical reactions which it is as yet impossible to localise, 
and to that extent the results obtained are uncertain. A brief 
statement of the methods of preparation of the specimens 
and of obtaining the special results will be followed by a 
summary in schematic form. 
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Preparation of the Specimen . — The polishing of the 
mineral is fully described by Campbell in Economic 
Geology (i., 751), but for completeness a brief summary is 
given here. A fairly fiat specimen is chosen if possible, 
and this is ground to a plane surface on a horizontally 
rotating iron lap, armed with medium grade carborundum. 
After a thorough washing the specimen is treated on a 
copper lap with No. zoo emery until the grooves of the 
coarse grinding are erased. This is followed by No. 200 
emery until the scratches of the No. zoo powder disappear. 
In all cases the specimen is rotated to prevent unequal 
effect. After washing and drying the surface is polished 
on three grades of polishing paper, Nos. o, 00, 000, 
mounted either on boards, the motion being produced by 
band, or on wooden laps rotated as before. The grinding 
in each case is continued until the scratches from the 
previous treatment are removed. The orientation of the 
specimen in each succeeding treatment should be at right 
angles to that in the previous one, so that the scratches of 
the finer paper will be across those of the coarser. After 
polishing with the finest paper a lap covered with broad- 
cloth saturated with rouge and water is used for the 
finishing process. By this means a high polish can be 
obtained. 

Instruments.— The microscope used for this investiga- 
tion was one with which both inclined and vertical 
illumination could be obtained. Inclined illumination was 
secured by a small parabolic mirror attached to the 
objective ; vertical illumination by a movable glass disc 
in the barrel of the microscope. The source of light for 
ordinary work was a Weisbach lamp, the light being 
focussed by a plano-convex lens. For some minerals the 
light was filtered through a flask of copper sulphate solu- 
tion, replacing the lens ; by this means light containing 
no yellow rays can be obtained. For applying chemicals 
to the polished surface small glass tubes drawn to a fine 
point are useful. For physical tests any small fine-pointed 
instrument can be used. 

Methods. — The mineral, prepared as above described, 
was first examined for colour and appearance. For this 
purpose obliquely incident light gives the best results. 
Following this one large specimen was broken into several 
smaller ones, some of which were treated further, while 
one was kept for reference. Etching was first tried with 
strong cold HC1, at half-minute intervals or less, if much 
action took place. If unattacked after a reasonable time 
strong cold nitric acid was substituted for the hydrochloric. 
Finally, aqua regia was used with substances that resisted 
both single acids. 

In the case of minerals that behaved in the same 
manner under etching, special chemical or physical tests 
were tried. In chemical tests the grain to be tested was 
brought into focus under a fairly low-power objective, and 
touched with an acid capable of etching it. After the 
action had continued for a short time a drop of a reagent 
producing characteristic reactions was added. Under the 
microscope only very small quantities are necessary, and 
with care rather small grains can he thus tested. The 
chief reactions employed are the following : — 

z. Iron . — The gram touched with freshly prepared mix- 
ture of potassium ferrocyanide and acid becomes deep 
blue if iron be present. 

2. Nickel. — The mineral is treated with a mixture of 
HNO3 and tartaric acids. After evaporation, when 
touched with a solution of dimethylgloxime freshly made 
ammoniacal, a brilliant red is obtained from minerals 
carrying nickel. 

3. Copper « — In the presence of copper a mixture of 
HNO3 and potassium ferrocyanide solution gives a deep 
red. If iron also be present this is followed by green* 

4. Manganese. — Most manganese minerals are attacked 
by HC1 with production ol a deep brown solution which 
becomes colourless on addition of hydrogen peroxide. 

5. Silver.-- -The mineral is treated with nitric acid. 
Addition of hydrochloric acid produces a white precipitate* 
Also true of lead and mercury minerals* 
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Mineral 

Gold .. .. 

Chalcopyrite. . 
Pyrite . . 

M areas! te 
Pyrrhotite . . 

Calaverite . . 
Sylvanite 
Nagyagite . . 
Petzite . . . . 

Hessite . • . . 

Galenite * . . 


Colour. 

Deep yellow. 
Deep yellow. 
Pale yellow. 
Pale yellow. 
Pale reddish 
yellow. 
Pale yellow. 
Pale yellow. 
White. 
White. 
White. 
White. 


Texture. 

Smooth. 

Rough. 

Slightly rough. 
Slightly rough. 
Very rough. 

Smooth. 

Smooth. 

Smooth. 

Smooth. 

Smooth. 

Smooth. 


HNO$ (t : 1). 
0 
o 

Black tarn. 
Black tarn, 
o 


HNOs(i:a). 

o 

o 

Black tarn. 
Black tarn, 
o 


Bronze tarn. Bronze tarn. 

Bronze tarn. Bronze tarn. 

Grey tarn. o 

} Brown and blue] Brown and blue 

tarn. J tarn. 


HNOg (1 : 4). 
o 
o 
o 
o 
o 

o 

o 

o 

o 

o 

Brown and 
blue tarn. 


HC1 (z : 1 ), With Hg. 
o Amalg, 
o o 

o o 

o o 

o o 

o o 

o o 

o o 

Grey tarn. o 

Grey tarn. o 

Grey tarn. o 


6. Bismuth . — The mineral is touched with nitric acid, 
followed, after drying, by hydrochloric. A little water 
will then produce a white precipitate. 

Physical Tests . — In a few cases streak and hardness are 
useful. These tests can be made with a needle point. 

Besides the above a few other tests were tried. Deposi- 
tion of silver from weak silver sulphate solutions by 
certain minerals may possibly be useful as a criterion. An 
experiment was tried with marcasite and pyrite in a 10 per 
cent solution. What seemed to be a dendritic growth of 
silver formed on the marcasite after long immersion, 
while the pyrite remained bright and unchanged. Further 
tests with variation of temperature and concentration are 
necessary, however. The rate of attack in the process of 
etching is also sometimes a valuable aid in identification. 

The scheme outlined below depends for its major 
division on the colour of the polished mineral. In each 
colour division subdivisions are made by etching tests. 
Special behaviour of different minerals makes further 
differentiation possible in many cases. 

I. Mineral by Inclined Illumination is Yellow. 

A. Etched by HCi. 

Pyrrhotite . — Bronzy yellow *, surface rough ; reacts 
for Fe. 

B. Etched by HN03, not by HC 1 . 

(q) Without noticeable tarnish or deposit. 

Pyrite. — Pale yellow ; slightly rough ; reacts for Fe. 

Marcasite . — Pale yellow ; slightly rough ; reacts foi 
Fe ; precipitates Ag (?). 

Millerite.— Slightly rough ; reacts for Ni. 

(b) With tarnish. 

Chalcopyrite.— Deep yellow; rough; reacts for Fe 
and Cu ; iridescent tarnish. 

C. Not attached by Single Acids . 

Gold.— Deep yellow; smooth; amalgamates with 
Hg. 

II. Mineral is White. 

A. Etched by HC 1 . 

B. Etched by HN 0 3 . 

(a) With no tarnish or deposit. 

Smaltite.— Rough with bright facets ; gives Ni test. 

Arsenopyrite . — Rough with bright facets; becomes 
|rey^with reddish spots ; reacts for Fe, not 

Leucopyrite*— White ; very rough ; reacts for Fe. 

Silver . — Smooth ; reacts for Ag. 

Bismuth.— Smooth; reacts for Bi. 

6 ) With deposit. 

Arsenic.— Chalky white deposit. 

Antimony . — Chalky white deposit. 


C. Unattached by Single Cold Acids. 

Cobaltiie . — Slightly rough ; etched by HNO3. 

Niccolite . — Slightly rough with reddish tinge ; treated 
with aqua regia reacts for Ni. 

III. Mineral is Black or Greyish Black. 

A. Etched by HC 1 . 

Magnetite. — Shows intersecting parting planes ; 
etches easily ; Fe reaction. 

Franklinite.— Fairly smooth ; etches less readily than 
magnetite. 

Ilmenite. — Fairly smooth ; etches very slowly. 

Heematite . — Steel-grey; smooth; red streak. 

Manganite.— Dull black ; brown solution. 

Psilotnelane . — Brown and black areas; brown solution. 

Braunite.— Black ; etches to bluish black; brown 
solution. 

Alabandite . — Smooth greyish black; very easily 
attacked (40 sec.). 

Pyrolusite . — Black fibrous surface ; soft brown 
solution. 

B. Etched by HN 0 3 , not by HC 1 . 

(a) Without tarnish. 

Enargite.-Dall greyish black; etches to fibrous 
structure ; Cu test. 

Argentite. — Smooth dull black ; Ag test ; sectile. 

Stephanite . — Smooth dull black ; Ag test. 

(b) With a tarnish. — 

Chalcocite.— Smooth black ; etched to a bluish tarnish, 
later becoming peacock colours. 

Bornite.— Pitted ; purple colour; etches to a peacock 
tarnish ; reacts for both Fe and Cu. 

(<?) With a deposit. 

Galena.— Smooth black ; etches easily, with a yellow 
deposit. 

Boumonite.— Smooth dull black ; etches easily, with 
yellowish opalescent deposit ; Cu test. 

Stibnite. — Smooth dull black ; etches fairly slowly to 
a fibrous structure with a chalky deposit. 

Tefrahedrite. Smooth; bluish black; etches with 
an opalescent deposit ; reacts for Cu. 

C. Unattached by Single Acids . 

Molybdenite. 

Chromite. 

Cassiterite . — Black deposit by electric etching. 

Columbite. 

The table as presented is by no means complete, and 
some of the minerals treated cannot be absolutely deter- 
mined by the tests recorded, but it is believed that the 
compilation of what is known will be of distinct 
advantage. 

In conclusion, the writer wishes to acknowledge the 
advice and assistance of Prof. A. J. Moses in the work 
upon which this article is based.— School of Mines 
Quarterly , xxxv., No 3. 
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HYDROGEN : 

ITS TECHNICAL PRODUCTION AND USES* 

By A. F. SEEKER. 

In recent years the cheap production of hydrogen on a 
large scale for technical purposes has become a problem 
of some importance* Formerly it was used occasionally 
for filling balloons and in the oxy-hydrogen flame of the 
so-called “calcium light.” Being the lightest of the 
common gases and of a correspondingly high sustaining 

S ower, it has become essential for the filling of dirigible 
alloons with their heavy burden of propelling machinery. 
Such uses, however, have become of rather secondary 
importance, and it will probably be only a short time 
before the dirigible balloon and the M calcium light ” will 
have been permanently discarded in favour of heavier than 
air machines and the varied forms of projected lights 
operated by electricity* 

The oxy-hydrogen flame is now becoming a common 
'tool in the hands of the artisan in working refractory 
metals; liquid oils and soft greases are now “hydro 
genated” to produce acceptable lard and butter substi- 
tutes, and also solid fat suitable for the manufacture of 
hard soaps ; and lastly, the use of which promises to consume 
enormous quantities, ammonia is manufactured from hy- 
drogen and atmospheric nitiogen. All these uses tend to 
make the problem of the production of cheap hydrogen 
one of considerable importance. 

The employment of the oxy-hydrogen torch is too well 
known to require description here. The commercial 
“ hydrogenation ” of oils and fats is of recent introduction. 
The process consists in treating the oil or grease in a suitable 
vessel containing a catalysing agent, generally nickel, 
with hydrogen under pressure. The oil is violently agi- 
tated in order to bring it into intimate contact with the 
hydrogen and catalyser. The result is that the glycerol 
esters for the unsatnrated fatty acids, which generally con- 
sist for the most part of oleic acid, become saturated, and 
the mono-, di-, or triolein, as the case may be, is con- 
verted into the corresponding stearin. The oleins are 
either liquid or semi-solid at ordinary temperature, and 
produce soft soap or soap that will not hold much water 
without becoming soft. The stearins are solid fats at 
ordinary temperatures and produce hard soaps. Thus by 
the process of hydrogenation, cotton seed and corn oils 
are to-day being converted into lard and butter substitutes, 
and the soft waBte grease which formerly could only be 
used sparingly in soap on account of their softening effect 
can now be employed alone as soap stock* The import- 
ance of this is understood when the constantly soaring 
prices of animal tallows are taken into consideration. 

In view of the impending exhaustion of the Chili nitre 
beds, the problem of the fixation of atmospheric nitrogen 
for the manufacture of artificial fertilisers has received 
constantly increased attention. Electrical methods for 
the production of cyanamid from calcium carb'de and 
nitrogen, and the flaming arc process for making nitric 
acid directly from tbe air, have been established upon a 
successful commercial footing, but these require such an 
enormous expenditure of energy that they can only be 
operated profitably where there is an abundance of cheap 
water power. If only these processes were available, 
countries lacking in water power would be placed at a 
distinct disadvantage, and fcr this reason many chemists, 
particularly those of Germany, have laboured to find a 
process better suited to the conditions surrounding them. 
The details of this search were described in a most in- 
teresting manner before the Eighth International Congress 
of Applied Chemistry, by Hofrat Dr. H, A. Bernthsen, 
who is the Chemical Director of the Badische Anilin and 
Soda Fabrik, the owners of a synthetic ammonia factory 
now in •mccessful operation at Oppau, near Ludwigshafen 
on the Rhine. 

The process, which has been named after Haber, its in- 
ventor, consists in passing a mixture of pure nitrogen and 


hydrogen under a pressure of 150 to 250 atmospheres 
through a tube filled with a catalyser and heated to 650 to 
700° C. The hot gases then pass through a heat re- 
generator and thence through an ammonia absorber, after 
which they are replenished with fresh gas mixture and 
forced by a pump back over the outer walls of the contact 
tube and then through the contact mass to repeat the 
circulatory course already described. Only a part of the 
gas mixture is converted into ammonia by a single pas- 
sage through the converter, but the gases are made to cir- 
culate continuously through the apparatus, the ammonia 
being absorbed each time as the mixture issues from the 
heat regenerator at the end of the contact tube. The 
gases are replenished with fresh hydrogen-nitrogen mix- 
ture as required. The contact mass consists of pure iron 
containing small amounts of certain so-called promoters 
which may consist of oxides, hydroxides, or salts of the 
alkalis or of the alkaline earths, and also many other sub- 
stances of the most varied nature, especially metallic com- 
pounds or the metals themselves. 

There have been many ways proposed for the producing 
of hydrogen on a large scale, the most important of which 
are the electrolytic and the water gas process. The 
studies of A. Wegener and others lead to the belief that at 
an altitude of about 75 miles the atmosphere consists of pure 
hydrogen and nitrogen that would be ideal for the Haber 
process. Unfortunately no means of piping these gases 
down to our sphere of action are known and we must 
content ourselves with more laborious methods of pro- 
duction. 

At European army posts, hydrogen for military balloons 
is commonly generated from scrap iron and sulphuric acid, 
the reaction being accelerated by heating the mixture to 
about 55° C. For field operations zinc is used in place of 
iron and the generators are mounted on wheels to facilitate 
transportation. Three other, and more modern means, 
of generating hydrogen are used for field purposes and 
will no doubt be adapted for other than military uses 
in places difficult of access where the gas is needed. 
These processes were invented by G. F. Jaubert, a 
Frenchman, and were named by him respectively, the 
“ Hydrolith,” u Silicol,” and ** Hydrogemte ” processes. 

Hydrolith is formed by beating metallic calcium in an 
atmosphere of hydrogen, producing a hydride, CaH 2 , 
which when treated with water reacts as follows— 
CaHa+-H 3 0-«Ca(0H)3+2Ha, just as calcium carbide 
generated acetylene. Hydrolith is a white crystalline 
powder, decomposing at 600 degrees in a vacuum, and 
usually contains about go per cent of CaH 2 , the rest being 
nitride and oxide. One kilogrm. yields about 1 cm. of 
hydrogen. The apparatus designed for using hydrolith in 
the French army is very ingenious, can readily be trans- 
ported, and has a capacity of 1200 cm. per hour. An 
army dirigible can be filled in four hours. The high cost 
of hydrolith, 1.33 dols. per ktlogrm., will at present 
seriously restrict its use outside of military operations. 

The Silicol process consists in treating powdered ferro- 
silicon, or mangano-silicon with water and caustic soda. 
It does not appear to have gained extended use because 
of the more troublesome manipulations and the greater 
difficulty of controlling the evolution of gas as compared 
with the other methods. 

Hydrogenite is composed of ferrosilicon (containing 90 
to 95 per cent of metallic silicon) 25 parts, caustic soda 60 
parts, and dry slaked lime 20 parts. The ingredients are 
reduced to a very fine powder, intimately mixed, and 
pressed into brick weighing 25 to 50 kilogrms. Being 
very hygroscopic, each brick must be sealed in a tin box 
to prevent decomposition. In generating hydrogen the 
brick is placed in a metal chamber having double walls, 
the space between the two walls being filled with water. 
Vents are placed in the upper part of the inner wall leading 
to the central chamber containing the hydrogenite so that 
the steam formed during the combustion may gain access 
to the charge and increase the yield. The cover of the 
tin containing the hydrogenite is opened, the tightly 
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fitting lid of the generator fastened in place and through a 
small hole m the latter a red hot wire is thrust into the 
charge. The mass burns quickly, without flame, generat- 
ing heat and evolving hydrogen according to the equation 
Si + Ca(0H) 2 +2Na0H - Na a Si0 3 + CaO + 2H a . One 
volume of the compressed hydrogemte yields 800 volumes, 
or 270 to 370 litres per kilogrm, of pure hydrogen, at a 
cost of about 32 cents per cubic metre. The requisite 
apparatus for field purposes weighs about 900 ktlogrms. 

The methods employed upon a large scale are, of 
coarse, capable of producing the gas much more cheaply. 
In one of these an iron, clay-lmed retort is filled seven- 
eighths full of coke, ignited and raised to a white heat by an 
air blast. The retort is then closed and a cheap hydro- 
carbon like crude petroleum or coal-tar is injected into it 
from the top for about twenty minutes or until the tem- 
perature has fallen below the proper cracking point, the 

f as thus generated passing through a sprinkling tower and 
ltered into the gasometer. The oil injector is then shut 
off, the retort opened, the air-blast again turned on, and 
the process repeated indefinitely with periodical renewal 
of the coke and removal of the ashes. The product con- 
tains about 2 7 per cent CO, g6 0 per cent H, and 1 3 per 1 
cent N, and has a specific gravity of o*i. The gas can 
be still further purified to a content of 98*4 per cent H, by 
passing it through suitable absorbents, and is produced at 
a total cost of 3 to 4 cents per cubic metre, according to 
the size of the plant and the materials used. 

Large amounts of hydrogen are obtained as a by-product 
in the electrolysis of salt solutions in the manufacture of 
chlorine and of caustic soda. The electrolysis is effected 
in a cell having a cement diaphragm which is not attacked 
by chlorine or caustic soda. The electrodes are iron and 
carbon, the latter being used as an anode. The reaction, 
which is as follows— aNaCl + 2H2“2NaOH +Cla+H 2 , 
yields 7000 cubic feet of hydrogen for every ton of salt. A 
cell operates on 15,000 horse-power at Griesbeim, 
Germany, producing 245 million cubic feet of hydrogen 
per annum. 

Two other methods, now little used, consist, (1) in 
passing superheated steam over red-hot iron, and (2) in 
conducting water-gas through suitable absorbents so that 
the carbon-monoxide and hydrocarbons are removed, 
leaving behind the hydrogen and nitrogen. A third 
process which is increasing in application was devised by 
Linde, Frank, and Caro. In this, water-gas which con- 
sists mainly of carbon monoxide and hydrogen is com- 
pressed and cooled to the liquefying point of the carbon 
monoxide. Upon relieving the pressure the mixture 
expands and in so doing is cooled still further so that the 
carbon monoxide and most of the impurities separate out 
in liquid form, allowing the hydrogen to pass off in a fairly 
clean (97 to 98 per cent H) condition. The mixture con- 
taining the liquid carbon monoxide is later vaporised and 
used in combustion motors for power. 

The growing demand for cheap hydrogen for industrial 
uses will act to promote improvements in both the 
electrolytic and the water-gas processes because both 
require comparatively cheap raw material. The former 
will probably be favoured in districts having abundant 
water power, whereas the latter requires cheap coal as an 
initial factor. In any event the extensive growth of the 
field of application will furnish sufficient incentive for the 
determination of still more economical processes than now 
exist.— The Chemical Enginery, xx., No. 6. 

Royal Institution.— On Tuesday next, March 16, at 
3 o’clock, Prof. Sir J. G. Frazer will begin a course of 
two lectures at the Royal Institution on “ The Belief in 
Immortality among the Polynesians ” ; and on Thursday, 
March 18, Dr. Aubrey Strahan will commence a course of 
two lectures on (t London Geology.” The Friday Evening 
Discourse on March 19 will be delivered by Prof. G. H. 
Bryan, on “ The Modern Piano Player — Scientific 
Aspects,” and on March 26, by Prof. Sir J. J, Thomson on 
“ Experiments in Slow Cathode Rays.” 


THE PERMANGANATE DETERMINATION 
OF IRON IN THE PRESENCE OF CHLORIDES.* 
By O. L. BARNEBEY. 

(Continued from p. xx6). 

Manganese Solutions with and without Phosphoric 
Acid (continued). 

A series of analyses was made using manganese chloride 
solution as preventive, thus eliminating sulphates and 
phosphates entirely. While the end-points were obscure 
on account of colour of the solution, nevertheless com- 
paratively good results were obtained, showing good 
prevention. In this series (VIII.) the following solutions 
were used : — A ferrous chloride solution made by dis- 
solving approximately 25 grms. of the crystallised salt in a 
litre 01 water containing 10 cc. of hydrochloric acid (sp. gr. 
1*2); a manganese chloride solution containing 75 grms. 
of crystallised salt and 20 cc. of hydrochloric acid (bp. gr. 
1*2) per litre; hydrochloric acid, sp. gr. rx. All the 
titrations were performed somewhat slower than usual, 
about two minutes being required for each titration. 

Table VI. 


es VII.— 

Titration without HoPO*. 

x cc. KMn(>4 « 

0*004396 

grm. Fe. 

20 cc. FeCla (=* 

0*2092 grm. Fe) 

+ xo cc. 

HgCl* taken. 


Expt. 

No. 

HCl. 

Manganese solu- 
tion No 3. 

Weight of Fe 
found. 


Cc. 

Cc. 


X. 

5 

X 

0*2123 

2. 

5 

2 

0 *2X12 

3- 

5 

3 

0*2105 

4* 

5 

4 

0*2098 

5* 

5 

5 

0*2101 ( b ) 

6 . 

5 

6 

0*2098 

7* 

5 

6 

0*2096 

8. 

5 

6 

0*2096 

9* 

5 

7 

0*2092 

xo. 

5 

8 

0 2092 

XX. 

xo 

5 

0*2x05 

12. 

10 

10 

0*2092 (c) 

*3- 

xo 

xo 

0*2101 (6) 

14. 

xo 

*5 , v 

0*2092 

*5- 

xo 

15 W 

0*2092 

16, 

10 

25 

0*2090 

*7* 

20 

20 

0*2090 

18. 

20 

20 

o*2og2 

19. 

20 

20 (a) 

0*2092 

20. 

40 

— 

0*2180 

21. 

40 

20 

0 2096 (d) 

22. 

50 

20 (a) 

0*2096 (d) 


(a) Manganese solution No. x. 

(b) Rather heavy HgCl. 

(1) Light HgCl. 

(d) Very slow titration. 

Application of other “ Preventives 

The rfile which manganese salts play in preventing the 
action of hydrochloric acid on the permanganate in titration 
seemed to warrant a study of other substances to ascertain 
their action toward prevention. 

The first class of substances tried were neutral salts. 
Skrabal (x6) has studied the influence of the addition of 
varying amounts of normal neutral salt solutions in the 
titration of iron, arriving at the conclusion that these salts 
do not produce correct results. In this work much stronger 
solutions are employed, which accounts for somewhat 
different results. Sodium silicate, borate, and tetraborate 
give some prevention, but the adjustment between the 
amount of salt and acid to be used was too difficult to give 
any merit to the procedure. If too much silicate is used, 

* From the Journal of the American Chemical Soctety , xxxvi . 
No, y. * 
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the ferrous iron precipitates, and if too much sulphuric 
acid is added the end-point is indistinct — over- titration 
resulting. Sodium sulphate, when used in large enough 
amounts, gives a good titration. Potassium sulphate is 
pot as effective, probably because of its limited solubility 
in water. Ammonium sulphate also prevents moderately well 
with low concentrations of hydrochloric acid and high con- 
centrations of the ammonium salt, but is not as satisfactory 
as the former two. These observations are in contradiction 
to the work of Birch (23), who says that sodium sulphate 
and magnesium sulphate do not prevent, and that ammo- 
nium sulphate is worse than worthless. 

Table VII. 

Series VIII. — Manganese Chloride as Preventive, 1 cc. 
KMn 0 4 ■■ 0*004836 grin. Fe. 20 cc. FeCI* (— 0*1717 
grin. Fe) -I- 5 cc. HCl taken. 



Manganese solu- 

Weight of Fe 

MoClg* 

tion No. 1. 

found. 

Cc. 

Cc. 


— 

20 

0-1717 

— 

20 

0-1717 

— 

— 

0*1755 

I 

— 

01745 

2 

— 

0*1743 

3 

— 

0*1740 

4 

— 

0*1740 

5 

— 

0*1732 

t 

— 

0*1734 

I 

— 

0*1729 

8 

— • 

0*1732 

xo 

— 

0*1722 

12 

— 

0*1722 

x6 

— 

0*1724 

20 

— 

0*1722 

25 

— 

0*1722 

50 

— 

0*1719 

50 

— 

0*1719 

50 

— 

0*1722 

xoo 

— 

0*1722 

xoo 

— 

0*1719 

200 

— 

0*17x9 


Table VIII. 

Series IX. — NaS 0 4 . ioH 2 0 (250 grms. in litre) as Preven- 
tive. 1 cc. KMnC>4 - 0*004887 grm. Fe. 20 cc. FeCl* 
(*=0*1930 grm. Fe) + 10 cc. HgCla taken. 

Bxpt. HCl. NagSO*. Weight of Fe 

No. Cc. Cc. found. 

x. 25 xoo o*ig6i 

2. 25 200 o 1961 

3. 25 200 0*1956 

4. 25 300 0*1937 

5. 25 400 0*1930 

6. 25 400 0*1930 

7. 25 400 0*1930 

8. 5 20 («) 0*1930 


Series X. — K*S 0 4 as Preventive, x cc, KMn 0 4 = 0*004887 
grm. Fe, 20 cc. FeCl* (« 0*2290 grm. Fe) 4 * xo cc. 
HgCla taken. 


Bxpt. 

No 

HCl. 

Cc. 

HgCla. 

KjSO* 

Weight of Fe 
found. 

X. 

5 

xo 

50 

0*2297 

2. 

5 

10 

50 

0*2297 

3 * 

10 

xo 

50 

0*2312 

4* 

15 

xo 

50 

0*233X 

5* 

xo 

10 

xoo 

0*2299 

6. 

15 

xo 

xoo 

0*2301 

7- 

20 

xo 

xoo 

0*2326 

8. 

25 

xo 

200 

0*2306 

9* 

25 

xo 

200 

0*2304 

xo. 

5 

xo 

20 ( a ) 

0*2290 


(a) Mn solution No. x. 


Another series of results was obtained preceding this 
series, in which was used a supersaturated solution of 
sodium sulphate of about twice the strength of the one 
here employed. A correspondingly less volume of the 
sulphate solution was necessary for prevention. 

In Series X. are tabulated the results obtained using a 
saturated solution of potassium sulphate, and from these 
results it is evident that potassium sulphate solutions do 
not contain sufficient alkali sulphate for good preventive 
purposes. 

Cady and Ruediget (g) have published a method using 
mercuric sulphate as reagent to stop the influence of hydro- 
chloric acid. To study the action of this reagent, 300 
grms. of mercuric sulphate was dissolved in 1400 cc. of 
water containing X25 cc. of sulphuric acid (sp. gr. 1*84) 
and the solution applied in Series XI. 

Table IX. 

Series XI. — Mercuric Sulphate as Preventive. 1 cc. 
KMn 0 4 * 0*0048*17 grm. Fe. 20 cc. FeCl 3 (*0*2150 
grm. Fe) 4- 5 cc. HCl taken. 


Expt. 



Manganese solu 

Weight of 

no. 

HgCla 

HgSO* 

tion No. x. 

Fe found. 


Cc. 

Cc. 

Cc. 


I. 

10 

xo 

— 

• 0*2x18 

2. 

— 

xo 

— 

0 2167 (a) 

3 - 

— 

15 

— 

0*2155 

4 * 

xo 

20 

— 

0-2167 (a) 

5 * 

xo 

25 

— 

0 2150 

6. 

— 

25 

— 

0*2150 

7 * 

— 

25 

— 

0-2155 

8. 

— 

35 

— 

0*2228 (0) 

9 * 

10 

50 

— 

0*2297 (&) 

xo. 

xo 

50 

— 

0*2297 (6) 

XX. 

10 

— 

20 

0*2150 


(a) Indefinite. {&) Very indefinite. 


Table X. 

Series XII. - Potassium and Sodium Acid Sulphates as 
Preventives, x cc. KMn 0 4 ■ o 004887 grm. Fe. 
20 cc. FeCl 3 (= 0*1596 grm. Fe) 4- 10 cc. HgCla 
taken. KHS 0 4 » saturated solution. 


Expt. 

HCl. 

H 2 SO*. 

KHSO 4 . 

Weight of 

No. 

Cc. 

Cc. 

Cc. 

Fe found. 

X. 

5 

— 

— 

0*1671 ( a ) 

2. 

5 

25 

— 

0*1618 

3 * 

5 


25 

0-1603 

4 * 

5 

— 

25 

0-1603 

5 * 

5 

— 

50 

0-1598 

6. 

5 

— 

50 

0*1596 

7 * 

5 

25 

50 

0*1613 

8. 

5 

50 

50 

0*1637 

9 . 

xo 

— 

25 

0*i68x (a) 

xo. 

xo 

— 

50 

0*1600 

IX. 

15 

— 

50 

0*1623 

X 2 . 

15 

— 

75 

o*x6oo 

* 3 * 

20 

— 

xoo 

0*16x3 

14, 

20 

— 

125 

0*1618 

15 * 

20 

— 

150 

0-16x8 

x6. 

20 

— 

175 

0*1628 

17 * 

20 

— 

200 

0*1637 

x8. 

20 

— 

500 

0*1630 

xg. 

5 

— 

xoo 

0-1596 

20. 

5 

— 

xoo 

0*1598 


NaHS 0 4 

■» 500 grms. per Litre. 


x. 

5 

— 

25 

0*1598 

2. 

xo 

— 

25 

0*1613 

3 * 

xo 

— 

50 

0*1603 

4 * 

15 

— 

50 

0-1625 

5 - 

15 

— 

75 

0*1620 

6. 

15 

— 

XOO 

0*2623 

7- 

5 

— 

20 (b) 

0*1596 


(a) HgCl disappeared. ( b ) Mn solution No. 1. 
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Results 1 to 4 inclusive show incomplete prevention, due 
to an insufficient quantity of mercuric sulphate. Experi- 
ments 5 and 6 were satisfactory. The results obtained in 
Experiments 8 to 10 inclusive were decidedly high, due 
apparently to the transposition of mercurous chloride to 
mercurous sulphate hy the mercuric sulphate. This point 
is mentioned in Cady and Ruediger’s {9) original paper. 
The difficulty of adjustment of the quantity of mercuric 
sulphate to the other variables of an iron determination 
reduces the value of such a reagent as mercuric sulphate. 

Sodium acid sulphate and potassium acid sulphate pre- 
vent quite well when the quantity of hydrochloric acid to 
be counteracted is small. With larger amounts of hydro- 
chloric acid -or in the presence of sulphuric acid with the 
smaller quantV ies of hydrochloric acid, results are not as 
good. 

Experiments 5 and 6 indicate that about 50 cc. of 50 per 
cent potassium acid sulphate solution is necessary to stop 
the detrimental influence of 5 cc. of hydrochloric acid. 
Experiments 7 and 8 show higher titration results with sul- 
phuric acid than without it. Nos. 19 and 20 indicate that 
an excess of the potassium acid sulphate does not give a 
higher value if the amount of hydrochloric acid remains 
the same. However, in Nos. 13 to x8 inclusive, in which 
the amount of acid was 20 cc., the potassium bisulphate 
gave a progressively higher titration as its* concentration 
was increased. Sodium acid sulphate showed somewhat 
the same kind of deportment. These acid sulphates, 
while possessing preventive powers, do not have this 
quality to a sufficient degree to make them suitable for an 
accurate titration of iron. 

(To be continued). 


THE SULPHATE IN RIVER WATERS. 

By H. S, SHELTON. 

Mr. Dole’s recent remarks (Chemical News, 19x5, cxi., 
86) call for a brief reply. It is unfortunate that he has 
little to say on the scientific side and devotes his attention 
to copious quotations which prove nothing. In the main 
his remarks answer themselves. The suggestion that he 
has been misquoted is answered by his own quotations. 
The only quotation I made consists of thirteen words, 
which are repeated with absolute accuracy. Nor is the 
suggestion of misrepresentation much more sensible. 
When I assert that a certain part of the procedure in Mr. 
Dole’s method of river water analysis is the principal dif- 
ference between his method and Wanklyn’s it is obvious 
that I am neither describing nor attempting to describe 
the procedure in full. The point that requires emphasis 
is that there is no attempt to reply to any suggestion made 
by me in either paper (Chemical News, cii., 75; cx., 
307) and very little that has any bearing on the subject. 

The small amount of relevant matter can be answered 
in a few words. Mr. Dole states that the product of 
evaporation of river water is sometimes carbonised. In 
such cases (there is no indication of their frequency) any- 
thing precipitated with the sulphate cannot be organo- 
silicate, though it may be other complex silicates. 
Nothing, however, can be made of a vague statement of 
that kind. Also, in cases when the water-bath is heated 
by steam from the basement, the error cannot be due to 
fumes from the Bunsen burner. But, once again, the 
frequency is uncertain, and the statement is too vague to 
be of value. 

Mr. Dole appears to doubt that fumes from the Bunsen 
burner can be an appreciable source of error when 10 to 
15 mg. of barium sulphate are weighed. If he will read 
the paper to which I referred {Joum, Chem. Soc 1889, 
545), and Warington’s other papers, he will discover that 
such is approximately the quantity that Warington was 
accustomed to weigh. The suggestion that a smaller 
weight will give a result of any value is obviously absurd. 


Nor did I think that any competent water analyst would 
dispute either Warington’s authority or the statement that 
gas fumes are a very likely source of error. Plenty of 
evidence is available if the statement is seriously disputed. 

With regard to Mr. Dole’s last paragraph and his con- 
cern for the reputation for accuracy of the U.S.A. Geo- 
logical Survey analyses, it is perhaps as well to say that 
there is no suggestion that such analyses arc either more 
or less accurate than those of anyone else. The reputa- 
tion for accuracy is not, however, enhanced by accusations 
of misquotation which are answered in his own paper, 
nor by the obvious indications that he has failed to grasp 
the arguments of the paper he is criticising, I refer to his 
suggestion that I take into account the solubility of sul- 
phur compounds. If he will refer to my original paper he 
will find that I proceeded on the assumption that all the 
eroded sulphur compounds were dissolved and that no sul- 
phur was carried to the sea in sediment, 


THE IDENTIFICATION OF ARTIFICIAL SILKS. 

By LOUIS J. MATOS, Ph.D. 

Owing to the constantly increasing use of artificial silks 
and the consequent confusion arising in dye-houses and 
silk mills generally, due to the occasional, though unin- 
tentional, mixing of lots, it becomes a matter of some 
importance for the dyer or manager to be able to identify 
with certainty the several important kinds of artificial 
silks on the market. Where a dyer goes on from day to 
day with his work, and on one kind of silk, it is a matter 
of some consequence when he finds himself confronted 
with the problem of dyeing a new lot of different kinds of 
silk that does not come out as expected, or which seems to 
offer difficulties during the dyeing. 

Many instances are familiar to dyers where lots of 
mixed artificial silk have been sent to the dye-house, and 
inequality in the dyeing was not discovered until near the 
end of the operation, when it became a matter of great 
skill to bring up the shade of the indifferent skeins to the 
shade of the main lot. This condition could have been 
anticipated had the dyer been acquainted with the fact 
that the entire lot of silk was not of one kind. 

From time to time there have been published tests and 
reactions with chemicals to be used in distinguishing the 
several kinds of artificial silks, but the practical applica- 
tion of which, in the dye-house or office, seems to offer 
some obstacles in the hands of those not actually 
acquainted with the details of making reactions. It seems 
that while the method of making the tests is simple 
enough the greatest difficulty is in having the solutions or 
reagents properly compounded and in conducting the tests 
afterwards. 

Simple descriptions alone do not seem to meet the case 
entirely. Of course, there is nothing to take the place of 
a practical demonstration of a testing method when 
carried out by one who is practically familiar with the 
proper sequence of the operations. On the other band, 
many of the methods for fibre testing that have been pub- 
lished, while apparently intended for dyers and practical 
mill men, being those most concerned, are, as a rule, 
written for the chemist with some experience, as only such 
could possibly have the unusual reagents and apparatus, 
or even the apparently delicate manipulative skill, to 
handle both satisfactorily. 

Without question, the most satisfactory means to 
identify artificial silk is to make use of the microscope, 
but as very few mills are equipped with this valuable 
instrument, and fewer still are proficient in making use of 
it, we will omit its discussion as applied to artificial 
silk, and confine ourselves exclusively to the chemical or 
mt methods that experience has taught us as being the 
most satisfactory. To identify artificial silk properly 
requires that the person attempting the work should have 
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at hand a small set of chemical reagent bottles of not more 
than two-ounce capacity, and with glass stoppers. Such 
bottles are not costly, and may be obtained through a 
local druggist ; the style known as “ XX Tinctures ” are 
admirably suited for the purpose. They are to be filled 
with the following reagents, which can be procured from 
a chemical supply house, or prepared by a friendly 
pharmacist or chemical friend. The following constitutes 
the list and the methods for their preparation 

No. i. Glycerinated Sulphuric Acid . 

Pure glycerin . . 10 cc. 

Distilled water 5 cc. 

Add slowly with constant ^stirring, a few drops at a 
time, pure concentrated sulphuric acid— 15 cc. 

No. 2. Iodo iodide of Potassium . 

Distilled water 30 cc, 

Potassium iodide * . . . . . 03 grm. 

Iodide, an excess. 

No. 3. Chloriodide of Zinc . 

Distilled water 30 cc. 

Fused chloride of zinc . . . . 175 

Filter and add to clear filtrate iodine to saturation. 

No. 4. Cold Concentrated Sulphuric Acid. 

No, 5. Half Saturated Chromic Acid . 

No. 6. A 40 per cent Caustic Potash Solution. 

No. 7, Copper Oxide Ammonia. 

This is an important reagent in all fibre work. It 
should be made with great care by preparing a solution of 
copper oxide in ammonia to saturation, and passing 
through it a current of air freed from carbon dioxide, 
by first being passed through a solution of caustic potaBh. 

No, 8. Nickel Oxide Ammonia . - 

Nickel sulphate in crystals . . 2 grm. 

Water 30 cc. 

Precipitate the nickel with caustic soda, and filter ; then 
dissolve the precipitate in a mixture of : — 

Concentrated ammonia . . . . 8 cc. 

Water « cc. 

No. 9. Alkaline Copper Glycetine Solution . 

Sulphate of copper .... 3 g rm * 

Water 30 cc. 

Glycerin *75 gn»* 

to which is added a sufficient quantity of caustic potash 
solution to precipitate the copper and re- dissolve it. 

No. 10. Diphenylamine Sulphuric Acid Solution. 

Diphenlyamine 137 grm. 

Concentrated sulphuric acid . . 25 cc . 

The operator should keep these bottles in a closet when 
not in use, and at all times free from dust. The label, 
besides the name, should also have the formula written 

upon it. , , 

The apparatus required to make the tests consists of a 
dozen small plain white butter dishes, a dozen small test- 
tubes of short length and not over half an inch in 
diameter, and a spirit-lamp or Bunsen burner to supply 
heat. There should also be at hand two small bottles or 
tubes containing red and blue litmus* paper. The entire 
outfit is procurable under five dollars. 

There are five kinds of artificial silk generally met with 
in commerce as follows— Collodium silk (strictly nitro- 
silks), cellulose silks, viscose silks, acetate silks, gelatin 

Si The first important test to make is to determine whether 
the silk under examination is made from gelatin or not. 

Take one of the test-tubes, see that it is clean and dry 
inside, and place at the bottom of it a small tuft of the 
silk about the size of a small pea when rolled between the 
fingers. In the open end of the tube insert a piece of red 
litmus-paper, bending the end over so that the strip will 


not slide down the tube. With a handle made of several 
folds of paper around the neck of the tube so as to permit 
one to hold it comfortably, place the closed end of the tube 
in the flame of the Bunsen burner or spirit-lamp, giving 
the tube a slight to and fro motion until the fibres in the 
tube begin to char and vapours are seen to arise. When 
these vapours are observed to come out of the open end of 
the test-tube, note whether the colour of the red litmus 
paper changes to blue. If such a change takes place it is 
due to the presence of ammonia gas resulting from the 
charring of the fibres, and which could only come from 
gelatin silk. These vapours may also have the odour of 
burning horn or hair, which odour is further indicative of 
the presence of gelatin. 

On the other hand, if the litmus-paper does not change 
colour, acid fumes maybe present, and are to be confirmed 
by repeating the test, but using blue litmus-paper, and 
upon it turning red indicates that the silk may be anyone of 
the four above named makes. To distinguish finally 
between the several artificial silks emitting acid fumes 
with heat place two of the butter dishes side by side ; in 
one, place some of the Bilk fibre, and upon it pour some 
of reagent No. 1, and let soak for a few minutes, and 
then afterwards add a few drops of reagent No. 2. In the 
second dish put some of the fibre and a small amount of 
reagent No. 3, and note carefully what changes in colour, 
if any, take place. If both samples show a distinct 
yellow coloration, the silk is acetate silk. 

On the other hand, if the coloration is blue, the silk 
may be either collodium , cellulose , or viscose silky which is 
confirmed if the coloration shown in the second dish is 
reddish violet. To differentiate between these three silks 
just mentioned place a small tuft of the fibres in a dry 
dish, and pour upon it a small amount of cold concentrated 
sulphuric acid (No. 4). If the silk dissolves rapidly the 
specimen is either collodium or viscose silk ; cellulose 
silk, i.e.y Pauly, Fremery, &c., dissolves slowly. 

Confirmatory teste are made in test-tubes with the 
chromic acid solution (No. 5) in the cold, when these three 
silks dissolve gradually, and upon the tube being heated 
dissolve quickly. When treated in the same manner with 
warm caustic potash solution (No. 6) these three silks, 
together with the acetate silk, show a distinct swelling, 
while gelatin silk dissolves rapidly and completely 

The copper oxide ammonia test (No. 7) when applied in 
a test-tube first causes a swelling, and dissolves collodium 
and viscose silks, but acetate silk swells without dis- 
solving, and gelatin silk takes a bluish violet coloration 
without dissolving. 

The nickel oxide ammonia reagent (No. 8), when 
applied both cold and warm to a sample of artificial silk in 
tha test-tube, causes a swelling of the fibres but without 
dissolving them. This applies to collodium, cellulose, 
viscose, and acetate silk, but not to gelatin silk, which 
latter takes a brown coloration without dissolving. 

The alkaline copper glycerin solution (No g) has no 
action even after long boiling upon the first four silks 
above mentioned, but gelatin silk dissolves after a short 
time. 

A convenient reagent for artificial silk is the conr 
centrated sulphuric acid diphenylamine solution (No. 10) 
which has been extolled as the one reagent for this class 
of work, but as a matter of fact its usefulness is limited 
exclusively to differentiate only the nitre-silks from the 
others. With nitro-sfiks of the Chardonnet type it causes 
a distinct blue coloration, while the other silks remain 
uncoloured. This diphenylamine reaction lasts but a com- 
paratively short time, reaching its maximum intensity 
within five minutes after adding the reagent, when it 
gradually disappears. 

In order to be in the position where one can absolutely 
and certainly pass judgment upon the identity of a given 
silk sample, the operator should have at hand a collection 
of true type samples obtained directly from the artificial 
silk manufacturers and to make the above outlined reac- 
tions repeatedly, systematically, and with care. By care is 




128 


meant not being too hasty in forming a conclusion, and to 
disregard and reject completely any test that one may have 
•made into which the element of doubt enters. With such 
a set of proved samples at hand and a set of reagents as 
above outlined, when unusual lots are received by the dye- 
house, or where silk is received from unfamiliar sources, 
its identity can be accurately determined. 

The foregoing details refer to undyed artificial silk, but 
to identify dyed silk by chemical means requires that it 
should be stripped of its colour, which is generally very 
easily accomplished by means of hydralite or some other 
equally efficient stripping agent .— Ckmictl Engineer , 
xx., No. 5. 

SIR JOHN CASS TECHNICAL INSTITUTE. 

Opening of the Metallurgy Laboratory. 

The Metallurgy Laboratory for the Mechanical Testing of 
Metals and Alloys presented to the Sir John Cass Tech- 
nical Institute by the Worshipful Company of Goldsmiths 
was formally opened by Sir Boverton Redwood, Senior 
Warden of the Goldsmiths’ Company, on Wednesday, the 
3rd inst., in the unavoidable absence, owing to illness, of 
Sir Robert Mowbray, Prime Warden of the Company. 

The work of this new laboratory, which will form an 
important extension of the Metallurgy department of the 
Institute, will be carried on from the Metallurgical rather 
than from the Engineering standpoint, and will be closely 
related to the instruction already provided in connection 
with the Metallograpbic and Pyrometric examination of 
metals and alloys, including iron and steel, and the 
materials used in the motor-car industry and in the con- 
struction of aeroplanes, high-speed machinery, and the 
like. 

The equipment which has been provided includes a 
Buckton’s Single Lever Vertical Testing Machine of 30 
tons capacity, a Drummond’s Centre Screw-Cutting 
Lathe, an Izod’s Impact Testing Machine, a Brinell 
Hardness Testing Machine, a Sankey Bending Testing 
Machine, a Shore Scleroscope, together with an electric 
motor with belts, shafting, & c., for driving the machinery 
and tools. 

Previous to the opening of the Laboratory, Sir Boverton 
Redwood distributed the prizes gained by students of the 
Institute during the past session and delivered an address, 
the Chair being taken by Sir Thomas Elliott, who has 
succeeded the late Sir Owen Roberts as Chairman of the 
Governing Body. In speaking of the work of the Insti- 
tute Sir Boverton Redwood said that such work as was 
being done was never more needed than at the present 
time. Among other things which the War had done for 
us, it has shown us that there must be a much more inti- 
mate relation between science and industry in this country, 
and that it was to he hoped that the students would avail 
themselves to the fullest possible extent of the facilities 
which the Institute afforded them of becoming better 
qualified to discharge the duties with which they would be 
entrusted. If one result of this terrible war is to bring 
about a better recognition of what is needed in this direc- 
ion we shall have some compensation for the sacrifices 
which we are making. We shall, however, always have 
to reckon with the scientific industrial initiative of Ger- 
many, whose competition will certainly grow keener after 
the war than it has ever been before, and can only hope to 
hold our own if we diligently apply the lesson which we 
have learned. There has been far too much disposition 
among us in the past to complacently adhere to the even 
tenor of our progress on an empirical basis, whilst Ger- 
many has called to her aid all the resources of science, 
and has shown how successfully science and industry can 
march together. We must, therefore, set our house in 
order before the war is over, if we are to take advantage 
of the opportunity which now lies before us. 

In referring to the courses on “Fuel and Power,” 
arranged at the Institute, Sir Bovington pointed out the 


1 Chemical News, 

1 March zs, 1915 

all-important part that is now being played by liquid fuel 
both in the Navy and on the field of battle on land, 
especially in connection with the “ all-oil boilers ” now in 
use on the battleships of the Queen Elizabeth class, all of 
which are driven solely by oil fuel. 

Dealing with the new development of the work of the 
Metallurgy department Sir Boverton spoke of the great 
pleasure it bad given the Goldsmiths’ Company to he 
associated with this timely addition to its activities, for 
they recognised how fully the Mechanical Testing of 
Metals and Alloys had become of fundamental importance 
in modern metallurgical practice. 


PROCEEDINGS OF SOCIETIES. 

INSTITUTE OF CHEMISTRY. 

Professional Chemists and the War. 

At the thirty-seventh Annual General Meeting of the 
Institute of Chemistry held at the new premises of the 
Institute, in Russell Square, on March z, 1915, Prof. 
Raphael Meldola, the retiring President, congratulated 
the Fellows and Associates on the approaching com- 
pletion of their new headquarters, and warmly acknow- 
the services of Sir John Burnet, the architect. 

Referring to the work of the year, Prof. Meldola in- 
dicated the activities of professional chemists in connec- 
tion with the war. The Council of the Institute had sup- 
ported the counter manifesto to which many British 
scholars and public men had subscribed in answer to the 
document emanating from analogous circles in Germany. 
The Institute has also been instrumental in directing the 
attention of the Government to the desirability of appointing 
a Special Committee to deal with the question of supplies 
of chemical products for which the country had hitherto 
been dependent to a preponderating extent upon German 
factories. Dealing with the question of dye-stuffs, Prof. 
Meldola reminded the members of the warning he had 
given in the last paper read before the Chemical Section 
of the Society of Arts in xS86. Systematic enquiries made 
among the consumers revealed the fact that even at that 
time 90 per cent of the dye-stuffs then in use here were of 
foreign manufacture. No lost ground has been regained, 
and before the outbreak of the war we were still importing 
nine-tenths of our colouring matters from Germany and 
Switzerland. The development of this industry abroad 
had been due to the recognition and utilisation by manu- 
facturers of the results of chemical research. Early in 
August the President of the Board of Trade appointed a 
Committee, under the chairmanship of Lord Haldane, for 
the purpose of advising the Government with respect to 
the means of meeting the national requirements, and from 
this Committee there was subsequently formed a Sub- 
Committee under the chairmanship of Lord Moulton, for 
dealing especially with the manufacture of dye-stuffs* A 
scheme formulated by the Government in consultation with 
a Committee representative of the great dye-using 
organisations was put forward early this year, and after 
full discussion by those immediately concerned was finally 
referred back for modification. The scheme was con- 
sidered unsatisfactory, but the Government determined not 
to allow the project to fall through, and a new scheme, 
which differed from the first in certain important par- 
ticulars, was subsequently launched. A considerable 
number of the dye-consuming companies appeared to be 
favourably disposed towards it. It should be clearly 
understood, however, that neither the Board of Trade 
Advisory Committee nor the Dye-stuffs Sub-Committee 
was in any way responsible for either of these schemes. 
The grounds on which public action was imperatively 
called for were set forth most clearly in an Address 
delivered by Lord Moulton at Manchester, on December 8, 
1914. He had stated explicitly that he only held himself 
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responsible for the advice that the Government should 
take action, but not for the particular shape or form which 
that action should assume. 

The principle had been adopted that there should be 
established a company, in which the consumers should be 
the chief shareholders, and which the Government should 
subsidise by advancing capital at a certain rate of interest 
to the extent of £1,000,000. The scheme was in a way 
a co-operative one, and for the first time m this country a 
distinct proposal was made f or the establishment of a 
State-aiaed industry. In view of the great interests at 
stake the policy appeared to be a sound one, and this was 
admitted by both political parties when the proposal was 
mentioned in the House of Commons in November by the 
President oi the Board of Trade. It was a matter of im- 
portance to the representatives of the chemical profession 
that their aspect of this great industry should be kept well to 
the fore in the scheme, and in any other scheme that might 
hereafter be put forward. They desired to see the restoration 
of the coal-tar colour industry to this country, and not only 
restored but permanently retained after the war. The 
discussions of the Government schemes in various parts of 
the country by dye-consuming organisations, chambers of 
commerce, and so forth, had all centred round political or 
economic questions; the vital principles, viz., adequate 
chemical control, had been subordinated or left out of 
consideration altogether. While there was much 
wrangling over the question as to the method by which 
the industry should be established and maintained here, 
whether by free trade or protection, or subvention, or by 
any other device, the consideration of the questions 
whether a few years hence there would be anything in the 
way of dye-stuffs worth protecting, and whether there would 
be a sufficient basis of material products left for the politicians 
and economists and business people to wrangle over was 
overlooked. It was not a purely business problem which 
the Government had undertaken to solve ; it was primarily 
a chemical problem* It was not even a business problem 
in the ordinary trade sense, because the main object was 
at first to supply our own wants, and the chief consumers 
were to be the chief producers. The question of business 
in the sense of export trade was, tor the present, remote. 

The conditions which had to be met if this country was 
to be once more the home of the colour industry were 
certainly imperfectly understood by the public. Even 
those most concerned— those who were invited to sub- 
scribe to the capital — appeared in most cases to have an 
idea that all that was necessary was to find the money, 
secure the Government aid, appoint a Board of business 
Directors, and lo 1 the industry would forthwith spring 
into existence ready to cope with all emergencies. What 
were the facts of the case ? About five hundred different 
dye-stuffs of definite composition had been given to 
tinctorial industry as the products of chemical research. 
Of these a certain number only could be and were being 
made in this country. The total output of our factories 
was at present inadequate for the requirements of our 
textile industries. The first steps to be taken therefore 
were to enlarge and develope existing factories so that the 
dyes which could be made here should be turned out in 
larger quantities. This necessity has been provided for 
in the Government scheme, and “ so far so good.” If the 
extension of the existing factories still produced insufficient 
supplies, new factories must be erected and equipped. 
This also was provided for in the scheme ; but if we want 
to establish the industry here permanently we must look 
beyond all this. Where should we be left after the war ? 
We should be in possession of processes for making a 
certain number of dyes, and the supply of their products 
might possibly be sufficient for the particular purposes for 
which they were required ; but there would still be an 
outstanding number of other products which had never yet 
been made here, and for the working out of these pro- 
cesses no combination of 11 business” talent was of the 
slightest value. It was not a business question but a 
chemical question, and it was by chemical research alone 


that our colour industry would be saved. The German 
colour industry has been built up by the utilisation of the 
results of research carried on in the factories and univer- 
sities and technical schools for a period of over forty 
years ! To suppose that we could retrieve our position by 
starting a company, the directorate of which was to consist 
solely of business people, was ludicrous. The large and 
representative body of dye users and producers which form 
the Dye-ware Supply Enquiry Committee of the Society 
of Dyers and Colourists fully endorsed this view, and for- 
warded to the Board of Trade a resolution, passed at 
Manchester last month, in support thereof. It was satis- 
factory to learn that there were dye-consuming organisa- 
tions which had grasped the situation scientifically. To 
imagine that a dyer, however skilful he might be, was, by 
virtue of his occupation, necessarily competent to direct 
the affairs of a company concerned with the manufacture 
of the dyes which he used was about as sensible as the 
assumption that a person who could tell the time by his 
watch was thereby qualified to undertake the direction of 
a factory for the construction of chronometers. 

One feature of the new scheme which the chemical 
profession would view with favour was the distinct 
recognition of research as a necessity for the development 
of the industry. The Government “will, for ten years, 
grant not more than £100,000 for experimental and 
laboratory work.” That was certainly a concession which 
marked an advance in official opinion for which they were 
grateful. It would be for the satirist of the future to 
point out that it required a European war of unparalleled 
magnitude to bring about this official recognition of the 
bearing of science upon industry 1 Who was to direct this 
research ? A directorate of purely business people would 
certainly be incompetent ; a Board composed of dye users 
could do no more than indicate what dye-stuffs were 
needed. True, it was proposed that the company should 
take powers to secure the assistance of a committee of 
experts, but this appeared to be simply a reversion to the 
policy of “drift.” The experts were, as ubusI in this 
country, to be subordinated, and their assistance was to be 
invoked at the discretion of a Board, the members of 
which could have no real knowledge of the conditions neces- 
sary for producing the materials they required. Would they 
be competent to point out dangers ahead ? The “ staple 
products” upon which they were asked to stake their 
capital might a few years hence be superseded by the pro- 
ducts of subsequent discovery. The policy of attempting 
to run a highly specialised and rapidly developing branch 
of organic chemical industry by a company of business 
people with expert assistance when required was fatal if it 
was intended to establish the industry permanently here. 
The group of industries which had arisen from the pro- 
ducts of the tar still was not going to remain stagnant 
after the war, and it was scientific guidance and not mere 
assistance that would keep them alive. It was the expert, 
and the expert only, who could foresee the course of 
development, who could keep in touch with the progress 
of research, and direct with intelligence the campaign 
against competitors. If such scientific direction was 
withheld all schemes were sooner or later bound to end in 
failure. If this second warning to the country after a 
period of about thirty years were unheeded it would be so 
much the worse for the country ! 

To other branches of manufacture in which our de- 
pendence upon foreign products had been forcibly revealed 
by the war, professional chemists were able to render con- 
siderable service. It had long been known that labora- 
tory glass and porcelain apparatus and filter-paper had 
been mainly supplied from abroad, and that large quanti- 
ties of pure chemical reagents and of the special chemicals 
required for analytical or research work had borne non- 
British labels. This state of affairs called for prompt 
action, and the Councils of the Institute of Chemistry and 
the Society of Public Analysts had acted conjointly as a 
Committee for dealing with this matter of such vital im- 
portance to the profession. The inquiries instituted by 
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this Committee soon brought the fact that failure in the 
supply of laboratory glass apparatus would not only 
cripple the work of the chemists, but would also influence 
to a serious extent certain important industries the de- 
pendence of which upon supplies of suitable glass had not 
at first been foreseen. In connection with these inquiries, 
it was at a later period considered necessary, in view of 
the great national interests involved, that the Institute 
should take part in giving practical aid to would be manu- 
facturers. For this purpose a Glass Research Committee 
was appointed, and was still carrying on its work. For- 
mulas supplied by members of the Committee had been 
made in the laboratory of the Institute and submitted to 
the recognised tests. The experiments had perforce been 
carried out on a small scale, but the co-operation of a 
number of glass manufacturers had been secured, and the 
results would be tested on a fairly large scale under com- 
plete expert control. Not the least important of the glass 
problems was the production of a suitable glass for miners’ 
safety lamps, the necessary protecting shades for which 
had also been hitherto mainly imported from abroad. This 
particular kind of glass was of pressing importance in re- 
lation to coal-mining, and it was certainly humiliating to 
learn from the makers of these lamps that for glass of the 
required quality capable of complying with the Home 
Office tests, we have been so largely dependent upon 
foreign glass manufacturers. The action of the Institute 
throughout had been governed entirely by patriotic 
motives; the work was being carried on as a national 
duty, and the results were placed unreservedly at the dis- 
posal of all manufacturers who wished to avail themselves 
of them. The efforts made by certain firms, as well as 
by our own Committee, were leading to results which 
held out a good prospect of the manufacture of many 
kinds of chemical glassware being established on a per- 
manent footing in this country, so that at no distant 
future British laboratories would be stocked with home- 
made apparatus. With respect to porcelain, it was satis- 
factory to be enabled to report that crucibles and dishes 
equal to the best Berlin ware were now being produced in 
this country at practically the same price. It was equally 
gratifying to know that the filter-paper problem had also 
been practically solved — thanks largely to the assistance 
given by our paper experts— and that British filter-papers 
of all the required qualities, and in every respect equal to 
those which had been associated with foreign labels, 
would surely be manufactured in British mills. 

With respect to the supplies of chemical reagents, the 
Joint Committee found it necessary to entrust to a special 
Sub-Committee the somewhat arduous task of compiling a 
ist of all the commonly used reagents with indications of 
the standards of purity required and the tests necessary 
for ascertaining whether the required standard had been 
reached. The list had been published as a pamphlet, and 
had been sent to many firms and companies of manufac- 
turing chemists with a view to ascertaining which reagents 
of their own manufacture they were prepared to supply. 
When the replies had been received the Joint Committee 
would know the requirements of the profession could be 
met by British manufacturers. 

In all the branches of their work the Joint Committee 
had received mostcordial assistance from manufacturers and 
dealers. The manufacturers of chemical reagents were 
doing their best to meet the needs of the profession. It was 
most earnestly hoped that sooner or later laboratory sup 
plies both of apparatus and materials would be entirely of 
British origin. The manufacturers were in some cases, 
at considerable cost developing lines of industry which 
were of the nature of new departures for this country. It 
was the solemn duty of consumers and users — in fact of 
every branch of the profession — to do their utmost to 
encourage and support these new home industries. Pat 
riotism and the eredit of our country alike demanded that, 
after the war, they should help those who were helping 
them now, by insisting upon having nothing but the products 
of British manufacture. They should not only assiBt in the 


development of these industries now, but insure their 
permanent retention after the declaration of peace. With 
the achievement of this result there would be removed the 
reproach that the nation which gave to chemical science 
Priestley, Black, Boyle, Cavendish, Davy, Dalton, 
Faiaday, and Graham— the country which founded the 
coal-tar colour industry, and which bad taken the lead in 
the manufacture of “ heavy chemicals,” allowed her 
laboratory work to be dependent upon foreign materials, 
and her great textile and metallurgical industries to be 
threatened through the stoppage of supplies from inimical 
countries. 

Continuing, Professor Meldola referred to the large 
number of Fellows, Associates, and Students who had 
for the time being relinquished their professional work or 
their studies in order to give their services to the country 
in the field of war. It was of interest to learn that during 
the present campaign a mobile chemical laboratory has 
been in use at the front. Professional chemists were also 
serving with the Army Service Corps and with the Sanita- 
tion Companies of the Royal Army Medical Corps. Mem- 
bers also were engaged in laboratories and factories under 
Government control and concerned with the testing or 
production of the various war materials and supplies. The 
Institute, in brief, had done its best in the present 
emergency to discharge its functions as a national pro- 
fessional organisation. 

The Government departments early in August received 
intimation that the services of technical experts and the 
accommodation of the Institute’s laboratories were at the 
disposal of the Government if needed, and the names of 
many members were included in Government and other 
Committees carrying on work of supreme importance to 
the welfare of the country at the present time. While he 
recognised that, under the existing conditions of strain 
upon all State officials, individual interests had to give 
way to national requirements, he felt that the Government 
Departments did not hold that official view of the status 
of the chemists which they should. He referred to the 
advertisement recently issued by the Chief Inspector at 
the Royal Arsenal, Woolwich, inviting applications from 
temporary assistant chemists, the candidates being ex- 
pected to have a thorough training in inorganic and 
organic chemistry, to be accurate analysts, preference 
being given to University graduates or to Members of the 
Institute. The remuneration offered for the positions was 
expressed as " wages £2 os. 6d. per week.” A more 
direct discouragement to entry into the profession of 
chemistry, or a more certain method of securing incom- 
petence for the service, could scarcely be imagined. It 
was particularly unfortunate that such degrading terms 
should be offered at a time when the nation’s need for 
skilled chemists was being made manifest from so many 
different quarters, and when this necessity was just 
beginning to be realised. 


ROYAL SOCIETY. 

Ordinary Meetings February 25, 1915. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows 

“Effect of the Depth of Pulmonary Ventilation on the 
Oxvgen in the Venous Blood of Man." By Prof. L. Hill. 
F.R.S., and J. F. Twort. 

“ Effect of Functional Activity upon the Metabolism , 
Blood Flow , and Exudation in Organs By J. Bar- 
croft, F.R.S., and Toyojiro Kato. 

The organ studies have been skeletal muscle and the 
submax Uary gland. 

1. The oxygen used by these organs not only increases 
during their activity but outlasts it by some hours. The 
curve of oxidation usually shows two maxima, the first 
during the period of activity, the second much later. 
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2. Water leaves the blood vessels m much greater 
quantities during and after activity of the organs than 
before , a similar second maximum is sometimes seen m 
the case of the exudation. 

3 In the case of muscle not all the exudation leaves the 
muscles as lymph Of the right and left gastrocnemius 
muscles, the one which has been stimulated is heavier 
several hours after the stimulation, and of lower specific 
gravity than the unstimulated one. 

4. The dilatation of the vessels of the organ outlasts 
the functional activity for two hours or more m the case 
of muscle which has been stimulated rhythmically for 15 
minutes. 

5. The tenseness of the muscle caused by its distension 
with water would seem to be the physical basis of 
stiffness. 

u Osmotic Balance of Skeletal Muscle 99 By Miss D. 
Jordan Lloyd. 

In order to free the phenomena as far as possible from 
complications due to the formation of diffusion columns, 
a very small fiat muscle — the sterno cutaneous of the frog 
— was used In solutions of non electrolytes of from zero 
to about o 25 mol concentration, and in solutions of elec* 
troly tes of from zero to about o 1 \ mol , this muscle at 
first increases m weight and then decreases, finally falling 
considerably below its initial weight The amount of in- 
crease and of decrease and the time relations are deter- 
mined by the previous history of the muscle, the chemical 
constitution of the solute, and the concentration of the 
solution This communication will be confined to the 
first of these variables. 

Previous treatment with oxygen by suspending the 
muscle m the gas saturated with aqueous vapour reduces 
and finally obliterates the initial rise in weight. Alter ex 
posure for six hours to oxygen a muscle slowly loses 
weight even m distilled water. After exposure to hydrogen 
for three hours the muscle in distilled water increases 85 
per cent in weight. Sixteen hours’ exposure to air still 
leaves a slight initial rise. 

The muscles m moist oxygen either gained slightly in 
weight or lost weight. In moist air the muscle lost 
weight. In moist hydrogen there is a slight gam in 
weight. 

These results show that an oxygen-saturated muscle 
has an osmotic equivalent less than that of distilled water 
The initial absorption of fluid may be regarded as due to 
unavoidable stimulation of the muscle during its removal 
from the animal. Removal occupies five minutes. 
During it some absorption will probably occur. 

The difficulty of freeing distilled water from toxic sub- 
stances is well known. This difficulty is done away with 
by exposing the muscle only to water vapour of a known 
pressure. A muscle saturated with oxygen loses weight 
m water vapour saturated with respect to a plane surface 
of distilled water. The vapour pressure of the muscle is 
therefore greater than that of water. The vapour pressure 
of a muscle not saturated with oxygen, that is to say, 
which is m air, is at first less than that of distilled water. 
A remarkable feature of this muscle is the wide change m 
water content needed to make a small change m vapour 
pressure. A muscle behaves quite differently m the 
vapour of o 13 mol. Ringer to what it does m the vapour 
of o 125 mol. Rmger. 

w Function of Chlorophyll w By A. J. Ewart, D Sc. 

Previous observations of the author have tended to 
support the theory that chlorophyll 13 a stage m photo- 
synthesis. The present paper develops this idea further. 

By means of Wellstatter’s methods of extraction and 
separation, chlorophyll, carotin, and xanthophyll were 
obtained in the pure btate and used for the experiments 
The following conclusions were reached — 

x. No peroxides, organic or inorganic, are produced 
during the photooxidation of chlorophyll, xanthophyll, 
and carotin. The oxidising effect of these latter sub- 
stances on potassium iodide when they are undergoing 


oxidation m the light is due to the fact that in the presence 
of abundant oxygen they can act as oxydases not only to 
themselves, but also to substances with which they may 
be m contact, such as hydriodic acid, litmus, or guiacum. 

2. Chlorophyll and xanthoph>ll and xanthophyll decom- 
pose during photo-oxidation into (a) solids and {b) a gas. 
The solids are colourless waxy substances and hexose 
sugars. The gas is formaldehyde gas* With diy films in 
dry air free from CO2 relatively more formaldehyde is 
produced and less sugar. 

3 Carbon dioxide combines with chlorophyll forming 
xanthophyll and a colourless waxy solid The combina- 
tion only takes place actively in the presence of water, and 
is accelerated by sunlight. 

It is suggested that m this last reaction a portion oi the 
oxygen liberated may oxidise the xanthophyll m presence 
of sunlight to formaldehyde, sugar, and phytyl, the latter 
retaking its place in the tricarboxylic chlorophyll grouping. 
There is some evidence that possibly chlorophyll may be 
built up from xanthophyll and the products of the photo 
oxidation of chlorophyll. In any case it seems clear that 
the assimilation of carbon dioxide involves a complex 
series of reversible chemical changes m which chlorophyll 
and xanthophyll play a direct chemical part, and in which 
light acts as an accelerating and possibly as a directive 
agency. 

“ Influence of the Hydrogen Ion Concentration upon the 
Optimum Temperature of a Ferment By A Compton. 

“Functional (Edema in Fiogs™ By M. Back., K M. 
Cogan, and A. E Towers. 


NOTICES OF BOOKS. 

Alr % Water , and Food from a Sanitary Standpoint By 
Alphlus G Woodman and John F Norton. Fourth 
Edition. New York John Wiley and Sons, Inc. 
London Chapman and Hall, Ltd* 1914. 

The text of this book has been carefully revised, special 
attention being paid to modern views on the relation of air 
to health and comfort. The mam object of the work is to 
arouse interest m chemical sanitation and to educate 
public opinion upon the subject. The book has moreover 
a value as a text book for the use of studentB m technical 
colleges and schools, and the discussions concerning the 
principles involved m analytical methods and the eorrect 
interpretation of results are full of useful information for 
general purposes. The actual processes of analysis and 
the detection of common adulterants are also described, 
and a first course of work on food analysis could well be 
based upon the text. 

Tables Annuelles de Const antes et Donnies Nutnenques , de 
Chimte t de Physique , et de Technologies (“Annual 
Tables of Constants and Numerical Data, Chemical, 
Physical, and Technological ”) Paris Gauthier- 
Vtllars Leipzig Akademische Verlagsgesellschaft. 
London J and A. Churchill. Chicago University 
of Chicago Press. 19x4. 

The tmrd volume of this important work is now published. 
The further advances m our knowledge of constants have 
been included, and the general plan of the work remains 
unaltered. The subjects of electrons, ionisation, X-rays, 
and ratio activity have naturally been greatly extended. 
Published as it is under the direction oi an International 
Committee with Dr. Ch. Mane as general secretary, the 
value is unquestionable, and we hope that the great labour 
of keeping the work up to date will not be hindered by the 
present European upheaval. 

We notice from the errata pages given at the end of the 
work that there has been a steady improvement in the 
successive volumes, and m the present issue they are both 
few and unimportant. 
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NOTES ON GLASS.* 

The enclosed notes explain themselves ; they summarise 
some recent work on glass vessels : — 

A certain amount of experimental work on glass-ware 
of various kinds has been carried out recently at the 
National Physical Laboratory, and it may be of interest 
to make known some of the results. 

Chemical investigations have for some years been de- 
pendent on German glass ; the publication of the analyses 
and of test results may, it is hoped, lead some English 
firms to produce articles which may replace those of 
German manufacture. 

The first table gives the analyses of some Thermo- 
metric and Chemical glass-ware. 

Resistance of Various Chemical Glassware to the Action of 
Chemical Attack . 

The table below, taken from the work of Mylius and 
Forester on this subject, gives the action of various 
chemical reagents on glass used for chemical purposes (for 
analyses, see Table A). 

Beakers . 

Type Water. 

of ^ * * H2SO4. NaOH. Na 3 CO«. 



ao 9 . 

8o°. 




«R n .. .. 

0*0054 

•'OI44 

0 

41 

23 

Jena « . . . 

0*0071 

0-0035 

0 

53 

19 

Bohemian .. 

0*118 

0*219 

5 

37 

49 


Flasks . 




Type 

Watet. 




of 

«... — — * 

■ — ^ 

H2SO4. NaOH. 

NajC 

glass. 

20°. 

8o°. 




“R’ ? .. .. 

0 0x28 

0-0128 

0 

5 i 

26 

Jena . . , . 

0 0063 

0*0057 

0 

63 

24 

Bohemian .. 

0*093 

0*255 

XI 

52 

70 


The figures are in mgrms. per sq. dcm. 


The solutions, via., 2N NaOH and N HaSO* were 
allowed to act at roo°for six hours, and 2N Na 2 C 0 3 for 
three hours. 

The Jena glass used was probably of the composition 
given on Table A under description u Original” This glass 
is now not used, but has been replaced by the new Jena 
glass, an analysis of which has been made at the N.P.L. 
Soon after the introduction of this new Jena glass by 
Schott and Gen., viz., in 1910, some tests were made at 
the N.P.L. A special feature of the new glass was its 
increased resistance to attack; this was brought about by 
long exposure to sulphurous gases. The tests on the 

f lass before and after such treatment is given in the table. 

ieveral kinds of vessels were tested, and the results for all 
were substantially the same. 

There was a small improvement as regards resistance to 
the attack of water, but no improvement to the attack of 
alkalis. Since its introduction this type of glassware has 
been used in the N.P.L. and has given every satisfaction. 

It is well known that alkaline fluids attack glass very 
markedly, and for that reason in chemical analyses pro- 
longed contact is avoided. ^ To do this is not always 
possible, e.g., in the estimation of zinc and manganese 
especially in silicate analyses. It is necessary in the 
estimation of these metals to employ solutions containing 
alkaline chlorides and ammonium sulphide and to allow 
the solutions to stand at a rather higher temperature 
(50-60° C.) for some times as long as twelve hours. In 
t hese circumstances the glass is invariably attacked, and 

+ From the National Physical Laboratory. 


Tests on “ New ” Jena Glass made at the N.P.L* in 1910. 
Mark z. Vessels had received no annealing. 

2. Vessels had received ordinary annealing. 

3. Vessels had received special annealing in sul- 

phurous gases for thirty- six hours. 


Beakers — 

Mgrms. NagO per sq. dcm. 
given ap to water at 20* C. 
m one week. 

Mgrms. NaaO per sq. dcm. 
given up to water at 

8o° C. in three hours. 

X. 

0*0022 

0*0045 

2. 

O OO32 

0-0047 

3 * 

. 0-0019 

0 0040 


Loss in Weight in Mgrms . per sq. dcm. 

3 hoars with aN 3 hours with aN 6 hoars with N 
NaOH at xoo e C. Nf^COs at ioo° C. H2SO4 at zoo 0 C. 

Beakers— 


1* 5 * 

9 

Nil. 

2. 51 

8 

Nil. 

3 * 55 

7 

Nil. 

Conical flasks — 

x. 63 

8 

Nil 

2. 60 

XX 

Nil. 

3 * 7 i 

xo 

Nil. 

Flat-bottomed flasks— 

x, 62 

8 

Nil. 

2. 71 

8 

Nil. 

3 * 79 

6 

Nil. 


although no quantitative experiments have been made 
with the Jena glass, the resistance to the attack of these 
solutions is certainly not as good as with the alkaline 
solutions in the absence of chlorides and sulphides. In 
view of the fact that glass flasks have to be used for this 
purpose, it seems desirable to devise a test, in addition to 
the tests usually carried out, to determine the ability to 
withstand the joint action of alkaline chlorides and 
sulphides. 

The New Jena Glass examined at the N.P.L. in 19x0 
possessed in a very high degree the ability to withstand 
sudden change of temperature. A glass flask filled with 
molten paraffin wax at a temperature of 250° C. broke 
when placed suddenly in water at 15° C., but only after 
successfully standing such a test at slightly lower tem- 
peratures. 

Another question which is engaging attention is glass 
for miners* lamps, incandescent chimneys, steam gauge 
tubes, and other purposes in which a gradient of tempera- 
ture is established between the inside and outside. 

Analyses of some of these are given in the following 
table 

Analyses of Lamp Glasses. 



I. 

II. 

III 

IV, 

V. 

Silica . . . . 

.. 73*88 

7+‘*8 

51*26 

549 * 

7678 

Alumina .. .. 

.. 2*24 

3’24 

6 -go 

1*28 

0*72 

Lime • • • » 

. . trace 

trace 

trace 

trace 

6*52 

Zinc oxide 

. . trace 

trace 

7*16 

0*82 


Manganese oxide 

. • trace 

trace 

trace 

trace 

trace 

Ferric oxide . . 

. . trace 

trace 

trace 

trace 

trace 

Lead oxide 

.. — 

— 

27*54 

34*93 

— 

Soda (Na s O) , . 

.. 6*67 

673 

trace 

2*08 

11*14 

Potash (KaO) * . 

.. trace 

trace 

2*67 

4*54 

474 

Boric anhydride 

.. 16*48 

15*02 

3*97 



Magnesia.. .« 

. . trace 

trace 

trace 

0*20 

0*24 

Arsenious oxide 

. . 0*73 

0*73 

— 

o *99 

— - 

Antimony oxide 



0*50 


— 


100*00 100*00 

100*00 

99*76 100*14 


I. Jena Incandescent gas (Schott and Gen.), best 
quality. 

II. Miners* lamp glass (German make), Mark 
A [1] Bx. 

III. Miners* French lamp glass (yellow). 

IV. Miners* French lamp glass (colourless). 

V. Austrian lamp glass, “ Sun Brand.” 
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Silica 

Alumina 

Lime . . •• • 

Zinc oxide . . . 

Manganese oxide . 
Ferric oxide . . . 

Lead oxide . . 
Soda, Na 2 0 . . . 

Potash, KzO . . . 

Boric anhydride . 
Magnesia . . . 

Arsenions oxide . 


Table A. — Analyses of Thermometer and Chemical Glassware . 

Thermometer glasses. Schott and Geo., Jena. Chemical glassware. 


Jena 5 

Jena x 6 "', 

Original. 

“ New.” 

Resistance 
“ R.” 

Kavalier’s 

Bohemian. 

Thuringen, 

72*86 

6658 

66*74 

64*60 

68*oo 

76*02 

74-36 

6*24 

384 

2*77 

6*24 

2*32 

0*64 

o-go 

0*35 

7*18 

o*?8 

Trace 

4*80 

7-38 

9-40 

— 

6*24 

8*28 

10*43 

2*40 

— 

— 

Trace 

0*28 

0*65 

Trace 

0*14 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

9*82 

14*80 

8-99 

971 

10*17 

7*60 

14*83 

0*10 

Trace 

0*08 

Trace 

1*82 

77 o 

0*14 

10*43 

0*91 

7*18 

8*70 

5*53 


. — 

0*20 

0*17 

4*50 

0*32 

5 04 

0*30 

0*16 

— 

— 



0*24 



100*00 

* 

100*00 

* 

99’47 

100*00 

* 

100*46 

99-64 

99*79 


Analyses marked with an asterisk have been made at the National Physical Laboratory. The other analyses are 
taken from a paper by Walker in the Joum. Am . Chem. Soc. t 1905, xxvii., 865. 

Bohemian and Tburingen glass is now rarely need in chemical work, but the analyses given are of the best material 
of that class. 


It appeared, however, from Hovestadt’s book on Glass, 
and other information, that the additional strength of the 
German glass was conferred on it in great measure by its 
heat treatment, and tests were made to investigate the 
state of strain in the glass. 

For this purpose the following glasses were examined : — 

1. A miners' lamp chimney of white glass of German 

manufacture. 

2. A miners 9 lamp chimney of yellow glass of French 

manufacture. 

3. A piece of “ Durax” tubing as used for chemical 

purposes. 

From each of these tubes two rings of about 1 cm. 
depth were prepared by making transverse cuts across the 
tubes; the plane surfaces of the rings were optically 
polished. One ring of each specimen had a piece cut out 
so that the ring was free to spring. Other pieces were 
prepared for the determination of the refractive properties 
of the glasses. 

The three open and three complete rings were examined 
in plane polarised light for strain. The examination 
showed that in both rings of the French glass, and in the 
open ring from the German lamp chimney, the amount of 
strain was negligible. In the unbroken ring from the 
German chimney there was very decided strain. Strain 
was also present in both rings of the Durax glass, the 
unbroken rin£ of this material showing much more pro- 
nounced strain than any of the othet rings. The appear- 
ance presented by the rings when examined in the dark 
field is a very strong and sharp black circular line in the 
middle of the glass with a decided black cross upon it and 
the rest of the ring either white or milky. 

The character of the 6train present in the unbroken ring 
from the German chimney was determined by distorting 
therin£ into an elliptical form by compression between 
two points at opposite ends of a diameter of the ring in- 
clined at 45° to the plane of polarisation. By this means 
the milkiness could be made to disappear entirely from the 
regions about the diametral plane perpendicular to the 
line of compression, but the strain in the neighbourhood 
of the points of compression was increased. This shows 
that the strain is relieved by an increase in the curvature 
and augmented by a reduction in the curvature ; in other 
words, the inner layers of the ring are in a state of tension 
and the outer layers in a state of compression. The feet 
that in the open ring the strain throughout iB practically 
entirely relieved suggests that these chimneys are made in 
one operation, and not by the combination of layers of 
material at different temperatures. It is evident that with 


the distribution of strain in the cold Btate indicated above, 
the chimney will tend to be relieved of strain when there is 
a radial temperature gradient throughout its substance 
with the outer surface cooler than the inner surface. 

With the Durax tubing there is in neither ring freedom 
from strain. In the open ring the strain becomes worse 
on altering the curvature in either direction. Perhaps this 
indicates that the tube is built up of layers of the same or 
different materials, but brought together with one layer 
decidedly cooler than another. The presence of a thin 
white band in the substance of the glass may also indicate 
that the tube has been built up in the way suggested* An 
examination of all the rings m ordinary light showed the 
presence of striae likely to prevent the formation of really 
sharp spectrum lines in the determination of their refrac- 
tive properties. This expectation was .fully borne out by 
the appearance of the lines in the refractometer. No indi- 
cation was obtained that any tube consisted of more than 
one type of glass, bat the want of sharpness in the lines 
was sufficient to obscure the difference between glasses of 
very nearly identical optical properties. The results 
obtained in these measurements are as follows : — 

»©. «c-»r. v. 

German chimney .. .. 1*4795 0*00729 65*8 

French chimney 1*5748 0*01313 43*8 

Durax combustion tubing . . 1*5x56 — — 

The optical glasses which resemble the above in refractive 
properties are, for the German chimney one of the new 
11 Fluor Crowns, 91 for the French chimney a light flint, 
and for the Durax tubing a hard crown. 

Experiments were made to determine possible variations 
in the strained condition of lamp chimneys due to internal 
heating and resulting temperature gradient across the 
glass. 

Coils of wire were wound round a cylindrical metal 
core, the whole enclosed In asbestos paper and fitted 
closely (without mechanical strain) into the ring of the 
chimney examined. A thermo-couple was introduced 
between the lagging and the glass to enable the tempera- 
ture of the latter to be determined on the passage of a 
current through the heating coil. 

French Chimney . — This was initially when cool without 
strain. On heating up strain was found to develop pro- 
gressively as the temperature rose, and there is no evi- 
dence that at any temperature the strain declines to a 
minimum again. 

German Chimney , — When cool and at uniform tempera- 
ture this showed very depitjcd strgiq in the shape of a 
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central ring and cross. On heating up the ring the strain 
was relieved* but the glass is never entirely freed from the 
strain, as evidenced by a complete absence of the stauroscopic 
figure. The tendency is rather for the central dark ring 
to move outwards, and to be replaced eventually by 
another ring moving out from the inner surface of the 
glass ring. There is nevertheless a decided minimum 
effect, minimum strain, obtained when the tempera- 
ture of the inner surface of the glass ring is about 150° C. 
(±20°). The temperature gradient across the glass is 
such that in the steady state the temperature of the outer 
surface of the lamp, corresponding to the above internal 
temperature, is roughly 70°, within the same limits of 
accuracy. Excessive heating above these limits results 
merely in producing a more pronounced strain. 

A further chemical analysis confirmed the view that the 
German miners’ lamp chimney is of a single material. 

The incandescent lamp chimneys are very thin, and 
optical examination is not possible, but it appears fairly 
certain that in their case also the extra strength is attained 
by some process whereby the outside is chilled before the 
interior cools down. It seems possible also that the extra 
heat-resisting qualities of certain beakers, flasks, &c., of 
German glass may be due to the converse process, the 
interior being chilled previously to the exterior. All these 
glasses appear to be of the borosilicate type, such as is 
used for the well-known thermometer glass 59 " r , but with 
somewhat more boric anhydride ; the chemical glass con- 
tains zinc oxide, which is absent from the thermometer 
glass. 

As already stated, the object of these notes is to put 
such information as is available before English manufac- 
turers in the hopes of encouraging some of them to take 
up the manufacture of some of these glasses. 

February, 1915. 

* 


THE PREPARATION OF THE CHLORIDES OF 
SILICON. 

By F. STANLEY KIPPING. 

In a paper published in a recent volume of the Transactions 
of the Chemical Society (19x4, cv., 2836) Martin first refers 
to Oersted’s method for the preparation of silicon tetra- 
chloride, and then to the process devised by Gattermann 
and Weinlig, by means of which silicon tetrachloride, 
disilicon hexachloride, and trisilicon octachloride^ may be 
obtained from crude heated silicon. He then continues 
“ Up to the present time this has proved by far the easiest 
method of preparing not only silicon tetrachloride but also 
disilicon hexachloride and the higher chlorides of silicon.” 
« After much preliminary work it was found that com- 
mercial 50 per cent ferrosilicon, such as is used for refining 
steel, can be used instead of the expensive silicon itself 
for the purpose of preparing disilicon hexachloride in quan- 
tity, and that this material forms by far the most economic 
cal method of preparing silicon tetrachloride. In fact, 
there can be no doubt that in the future 50 per cent ferro- 
silicon must prove the starting-point for the preparation of 
all the chlorinated compounds of silicon.” 

It would seem from these statements that Martin had 
no knowledge of a paper by H. N. Warren, published in 
the Ohemical News (te™** « 3 )» and aIs0 in abstract 
in the Journal of the Chemical Society (1893, Mv., ”)« 
in the Ber. (1893, lxxxv)., and doubtless in other journals. 

In this paper Warren describes a method for the prepara- 
tion of silicon tetrachloride with the aid of commercial 
ferrosilicon (13 per cent Si). The crude material is simply 
heated in a clay retort in a stream of chlorine. The credit 
for the discovery of this process is therefore Warren’s 
alone, and Martin's omission of any reference to Warren 
is all the more remarkable in view of the fact that Warren’s 
method is given not only in the journals mentioned above, 


but also in some of the larger works on organic chemistry 
(Dammer’s '• Handbuch**), and even in some of the text- 
books (“ Inorganic Chemistry,” Kipping and Perkin). 

The author of this note can state from personal experi- 
ence that Warren's method gives excellent results ; it was 
employed in the author’s laboratory more than ten years 
ago, at a time when silicon tetrachloride was not on the 
market or else was very much more expensive than it is 
now. In the course of the preparation of the tetrachloride 
a considerable proportion of a by-product of higher boiling- 
point than the tetrachloride was separated ; this liquid, 
however, was not examined, as it was doubtless a mix- 
ture of the higher chlorides of silicon analogous to that 
investigaced by Gattermann and Weinlig. 

University College, Nottingham. 


AN ELECTROSTATIC BASIS FOR THE 
LAW OF MASS ACTION IN ELECTROLYTIC 
SOLUTIONS- 
By R. T. LATTEY. 

If in a solution we have two kinds of ions carrying 
charges of + mq and —nq electrostatic units each, and if 
the concentrations of these ions at any point are repre- 
sented by C+ and C- per cc., then according to the law 
of mass action, C+»C~f» is a constant multiple of the 
concentration ot the undissociated molecules. The 
ordinary derivation of this law is from analogy to 
equilibria studied experimentally in gaseous systems and 
in solutions of non-electrolytes, but the extension of such 
laws to electrolytic solutions leaves room for doubt as to 
how far electrical conditions may render the analogy 
valueless. 

Let us suppose that a charged sphere is introduced into 
such a solution. It will repel the ions of like charge and 
attract those carrying charges of the same sign as its own. 

Consider the conditions on a spherical shell of radius x 
having the charged sphere at its centre. Let the total 
charge inside the shell due both to the sphere and to the 
ions of both kinds be equal to Q positive units. 

The number of ions in unit area of the shell will be 
be C+ dx and C-dx, and if k is the dielectric constant of 
the medium the forces per unit area due to electrostatic 
repulsion will be — 

mqC+dxtZ+kx* and -nqG~dxQ+kx*. 

If in crossing this shell the concentrations change by 
dC+ and dC- there will exist osmotic pressures of— 

PdC + -fNandPdC_*N; 

where N » the number of molecules in x cc. of gas under 
pressure P dynes per sq, cm. 

If there is to be equilibrium these osmotic pressures 
must balance the electrostatic pressures ; hence, for the 
positive ions,— 

i#?C + QNd* - *#*PdC + , 
and for the negative ions— 

-»ffC w QNd* * hxWdC^ 

By dividing one equation by the other we get— 
wC + dC_ — -*C_rfC + , 
and on integration— 

« K (a constant). 

Since the undissociated molecules have no electric 
charge their distribution will be unaffected by the dis- 
turbing charge, and will therefore be the same throughout 
the solution. At considerable distances from die dis- 
turbing charge C+ and C~ will have practically constant 
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values (C+) and (C-), and it is clear from the nature of 
the chemical origin that »(C+) — #*( C-). 

Hence, K = (C+)»+»(«/w)*» ; i.a., K depends on the 
actual concentration m the absence of a disturbing charge* 
This is in agreement with the law of mass action according 
to which K is a constant multiple of the concentration oi 
undissociated molecules. 

By applying similar reasoning to cases where several 
kinds of 10ns are present it may be Bhown that the 
equilibrium between each pair of positive and negative 
ions is unaffected by the presence of the others. 

243, Woodstock Road, Oxford, 

February 37, 1915. 


MICRO-PHOTOGRAPHY. 

By J. EDGAR HURST. 

In a busy iron- works laboratory micro-investigations are 
very often suppressed by lack of time to do much of the 
laborious detail in connection with the recording oi 
results. Very often, especially with cast-iron, when ex- 
amining a series of specimens, records are a much more 
effective means of comparing the specimens than the 
memory. The impossibility of taking photographs of each 
individual specimen of the series is obvious. The usual 
method is to resort to drawing, using one of the various 
types oi drawing eye-pieces. This method is open to 
serious objections ; first and foremost, the length of time 
taken, and secondly, the inability of this method to accu- 
rately portray anything but what is boldly outlined. For 
example, the laminated structure of eutectics and the edges 
of graphite plates are exceedingly difficult to reproduce by 
this method. 

The following method has been successfully used by the 
author, and has rendered good service in the daily exami- 
nation of the general structure of cast-iron test bars. The 
expense and room of plates are saved by its means, and it 
is well adapted for the busy laboratory. The method ia 
exceedingly simple, and consists in replacing the plate in 
the dark slide of the camera by a sheet of bromide paper. 
The thick paper usually known as “Boardoids” or 
“ Cardette ” will be found most satisfactory. Should the 
ordinary paper be used it will be found necessary to cover 
the paper with a thin glass plate, in order to keep it per- 
fectly fiat. The exposure needs to be determined by trial 
In each individual case, but once determined varies very 
little, providing of course other factors are kept constant. 
Using Illingworth’s Matte Bromide Cardette, the exposure 
is very nearly that of the Imperial “Process* plate, and with 
an xxo-volt arc lamp is about 150 sec. The photograph 
obtained of course is a negative. This is the only apparent 
disadvantage of the process, but it will be found that on 
using the process one gets quite accustomed to the 
reading and examination of these negatives. 

This method has rendered great service in the observa- 
tion and cataloguing of network structures of phosphide 
eutectic in cast-iron, and undoubtedly it would be of great 
service in many other instances where a whole series of 
structural arrangements require to be recorded. For rapid 
general work it is useful to have a separate camera arrange- 
ment, which in the author’s case consists of a length 
of light brass tube, 6" long, 3“ diameter, one end being 
closed by a cap containing a plush-lined brass collar, 
which fits on the eyepiece of the microscope. The other 
end is arranged to screw into the dark slide-holding 
arrangement of an old £-plate camera in such a manner 
as to allow of the paper being exposed in the ordinary way. 
Reversing solutions have been tried on the negatives pro- 
duced in this way, but the results are far from satisfac- 
tory. However, in the author’s case the negatives give 
very little trouble, and the time, labour, and expense 
saved far outweighs any slight disadvantage from this 
oause. 

Laboratory, Richard Hornsby and Sons. 
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THE CHEMICAL ANALYSIS OF PAPER. 

By HENRY ALDOUS BROMLEY. 

Thb materials entering into the composition of paper in 
its finished state may be classified as follows : — (x) Fibrous 
foundation, (2) moisture, (3) mineral matter, (4) sizing 
materials, (5) colouring matters, (6) substances added for 
special purposes, (7) chemical residues, &c. Such as the 
foregoing as admit of quantitative estimation by chemical 
means are considered in this article. 

The two fibrous materials admitting of quantitative esti- 
mation with any degree of accuracy are:-(i) Esparto 
and (2) mechanical wood-pulp. 

This process depends on the fact that the acid distil- 
lation of an oxy cellulose yields furfuraldehyde in direct 
relation to the amount of fibre present in the paper. The 
determination is conducted as followB:~A flask is pre- 
pared through the cork of which passes a stoppered 
separating funnel, and having a glass outlet tube con- 
nected with a Liebig’s condenser. In the flask is placed 
5 grins* of the paper to be examined, cut into small pieces, 
and xoo cc. of hydrochloric acid of specific gravity x*o6. 
The flask is then heated in such a manner that 2 cc. of 
distillate per minute are delivered, a graduated measure 
being used for its collection. When the distillate reaches 
30 to 40 cc. it is removed to a flask, and two or three 
further portions collected in the same way. As each 
portion of distillate is removed from the collecting measure 
a corresponding further amount of hydrochloric acid is 
added to the distilling flask. The distillation is continued 
until a drop of the distillate ceases to give the aldehyde 
reaction with aniline acetate. 

This reaction is obtained by allowing a drop of the last 
portion of distillate to fall from a glass rod into a solution 
of aniline acetate acidified with acetic acid in a white 
basin. In the presence of an aldehyde a rose-red colora- 
tion is produced. Failure of the distillate to give the 
reaction shows that the distillation is complete. The 
separate portions of distillate are mixed together in a 
beaker, and the hydrochloric acid present neutralised with 
a slight excess of sodium carbonate, after which a small 
quantity of acetic acid is added. 

For the precipitation of the furfural a solution is pre- 
pared containing 12 grms. of pbenylhydrazine and 7*5 
grms. of glacial acetic acid in xoo cc. distilled water. 
This solution is added to the distillate until a drop of the 
latter ceases to give the aldehyde reaction previously 
described. The solution is set aside for some hours 
with occasional stirring for the golden crystalline 
precipitate of furfural bydrazone formed to separate 
out, which it does according to the following equation * 
C5H 4 0a+C6H 5 N a H3 - C 5 H 4 ON a HC6H 5 +HaO. 

The precipitate after being washed ib filtered off through 
a weighed Gooch crucible. The crucible and its contents 
are dried in a current of air at about 6o° C., and weighed. 
The weight of precipitate multiplied by 0*538 gives the 
weight of furfural. The average yield of furfural from 
xoo parts of esparto has been shown to be 12*5. The 
weight of esparto present in the 5 grms# of paper is there- 
fore obtained by multiplying the weight of furfural by 8, 
whence the percentage weight Is easily calculated. 

Several methods have been suggested for the deter- 
mination of ground wood in paper. The best known is 
probably that of Wurster, which depends on the depth of 
colour produced with di-methyl paraphenylene-diamine. 
Paper impregnated with this substance can be obtained, 
together with a scale of colours corresponding to the tints 
produced by various percentages of mechanical wood. 
The test paper is moistened and laid between a fold of the 
paper to be tested. In the presence of mechanical wood 
the paper is coloured red, and the tint is then compared 
with the standard colour scale. 

The method of Godeffroy and Coulon depends on the 
property of lignin of reducing a solution of gold chloride 
to metallic gold. For the estimation a weighed quantity 
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of paper is torn into small pieces and divided into two 
portions of equal weight. Each portion is boiled for ten 
minutes in a 10 per cent solution of ammonia, washed and 
dried. One portion is now burned and the ash determined. 
The second portion is treated by boiling with a solution of 
tartaric acid, followed by extraction with alcohol and 
ether to remove the size, and is then boiled for a further 
ten minutes with a 10 per cent solution of gold chloride, 
being afterwards washed, dried, and finally ashed. On 
deducting the weight of the ash obtained in the first deter- 
mination from that obtained in the second, the amount of 
reduced gold is found. This amount Is a measure of the 
lignone groups present, and therefore of the amount of 
mechanical wood. The weight of gold multiplied by 47 
(the average factor obtained from a number of determina- 
tions) gives the weight of mechanical wood in the amount 
of paper taken for analysis. 

In the phloroglucin method of Cross, Bevan, and 
Briggs advantage is taken of the power of ligneous tissue 
to absorb a solution of standard phloroglucin, the amount 
of absorption being directly related to the quantity of 
mechanical wood present. The estimation is carried out 
as follows : — Two grms. of the paper are pulped, dried 
at ioo° C., and weighed. The weighed pulp is transferred 
to a dry flask, covered with 40 cc. of a solution made by 
dissolving 2*5 grms. of pure phloroglucin in 500 cc. of 
hydrochloric acid of specific gravity x*o6, shaken, and 
allowed to stand for some hours. The liquid is then 
filtered through cotton placed in the neck of a funnel, and 
10 cc. of the filtrate taken for titration. This xo cc. is 
mixed with 20 cc. of hydrochloric acid (specific gravity 
x v o6), heated to 70° C., and titrated with a standard solu- 
tion of formaldehyde made by dissolving x cc. of 40 per 
cent formaldehyde solution in 500 cc. of hydrochloric acid 
(vo 6 specific gravity). The aldehyde solution is added 
from a burette x cc. at a time with an interval of two 
minutes between each addition. A piece of cheap news- 
paper is used as an indicator, free phloroglucin producing 
a red stain when a drop of the liquid is allowed to fall on 
the paper. Toward the end of the reaction it becomes 
necessary to dry the paper before a Bunsen burner before 
the stain will appear. Treated in this way one part of 
phloroglucin in thirty thousand gives a perceptible stain. 
When no further colour is produced the reaction is com- 
plete ; xo cc. of the original phloroglucin solution are 
now titrated in the same way, the difference between the 
two results giving the amount absorbed by the lignin. 
The proportion of mechanical wood in the paper is 
calculated from the following formula 
H-xoo (ft~x*o) 

8-ro 

Where H « per cent of mechanical wood. 

p wm absorption value of the dry ash-free sample. 

8 « absorption value of mechanical wood. 

1 a absorption value of sulphite wood. 

Another method depends upon the action of chlorine gas 
on lignin. The paper under examination is rendered 
neutral by first boiling with a weak solution of sodium 
carbonate, treating with weak acetic acid, and then 
washing with hot water. It is then exposed in a damp 
condition to the action of chlorine gas, which enters into 
combination with the lignin. After the chlorination is 
complete the excess of chlorine is removed, and a known 
quantity of water added, and the resulting hydrochloric 
acid determined by titration with standard soda. Each cc. 
of normal soda used is said to be equivalent to 0*22 grm. 
of mechanical wood-pulp. 

In practice it is usually only necessary to make a deter- 
mination of added mcfisture in paper. For such deter- 
mination it is best to weigh a whole sheet. Dry this at 
xoo° C. in the oven, and then allow the sheet to cool while 
freely exposed to the atmosphere of the laboratory. The 
loss of weight gives the amount of moisture over and 
above that normally present, and is expressed as a per- 
centage on the weight of the sheet. 


One grm. of paper is torn into fragments and incinerated 
in a weighed platinum crucible, tilted at an angle to allow 
free access of air. If difficulty is experienced in com- 
pletely burning off the last charred particles the residue 
may be moistened with a few drops of ammonium nitrate, 
and the heating continued. When the ash is almost 
completely white the crucible is cooled and weighed, and 
the weight of ash determined by difference. The ash is 
expressed as a percentage on the weight of paper taken. 
Where this weight is 1 grm. the weight of ash gives the 
percentage figure directly, if the decimal point be moved 
two places to the right. Thus, 0*155 grm. = 15-5 per 
cent. 

An alternative method consists in tearing the paper into 
three or four pieceB, and impaling these on the free ends 
of a piece of twisted platinum-wire let into a glass 
holder. The incineration process is thus somewhat 
accelerated. 

These may he china-clay, pearl hardening, blanc fixe, 
talc, and satin-white, either separately or in admixture. 
Where any one loading is present alone its determination 
is practically identical with that of the ash, after correction 
for that normally due to the fibrous material of the paper. 
In the case of pearl hardening (calcium sulphate) and 
blanc fixfe (barium sulphate) some reduction of the sul- 
phate to sulphide takes place on ignition, and the ash 
requires moistening with sulphuric acid and re-heating 
before its weight is determined. Loading materials con- 
tain more or less water which is driven off at a red-heat, 
and this loss should be allowed for in the calculation. 
Thus pearl hardening normally contains two molecules of 
water (20 per cent), and china-clay about 12 per cent. 

Pearl hardening and satin-white in admixture with 
other loadings are easily separated from them by reason 
of their ready solubility in dilute hydrochloric acid. For 
the determination of blanc fix£, talc, and china-clay the 
residue after ignition is fused with several times its own 
weight of fusion mixture in a platinum crucible. By this 
means the bases are converted into carbonates, while the 
sulphates and silicates enter into combination with the 
sodium and potassium of the fusion mixture. The fused 
mass is treated with hot water for some time to dissolve 
out the soluble sulphates and silicates, after which the 
liquid is filtered and the filtrate set aside for deterraina- 
tion of the acids. The insoluble residue, which may con- 
tain barium, aluminium, and magnesium carbonates, is 
dissolved in dilute hydrochloric acid, and the solution 
reserved for determination of the bases. 

The filtrate reserved for the determination of the 
acids as above is acidified with hydrochloric acid, 
evaporated to dryness, moistened with more hydrochloric 
acid, heated for a short time on the sand-bath, and the 
residue taken up with hot water. This causes the separa* 
tion of silica, which is then filtered off, washed, dried, 
ignited, and weighed. The filtrate from this last opera- 
tion is heated to boiling, and sulphates , if present, pre- 
cipitated with barium chloride in the usual way, filtered, 
and the precipitate washed, dried, ignited, and weighed. 

The solution reserved for the determination of the bases 
is treated with strong ammonia to precipitate alumina , 
which latter is filtered off, washed, dried, ignited, and 
weighed. The filtrate from this last operation is treated 
with ammonium sulphate to precipitate barium, which is 
then ignited and weighed as barium sulphate. The final 
filtrate is evaporated to small bulk, half its volume of 
ammonia added, then excess of a solution of sodium phos- 
phate, and any resulting precipitate estimated as mag- 
nesium pyrophosphate in the usual manner. 

These bodies being nitrogenous and containing fairly 
constant proportions of nitrogen, their estimation resolves 
itself into a determination of nitrogen. The determination 
may be made by either of two methods, viz,, by combustion 
with soda-lime or by Kjeldahl’s process. The latter, being 
the simpler and more generally employed process, is the 
one described here. Kjeldahrs process depends on the 
fact that when most nitrogenous bodies are heated with 
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excess of concentrated sulphuric acid their nitrogen is con- 
verted into ammonium sulphate, from which the nitrogen 
may be liberated by treatment with excess of alkali and 
distilling. 

Into a special hard glass flask is introduced from 1 to 2 
grins, (according to the probable proportion of gelatin 
present) of the paper torn into shreds, followed by about 
20 cc. of concentrated sulphuric acid (tree from nitrous 
compounds), and 0*5 grm. of red mercuric oxide. The 
flask is supported by the neck in an inclined position, and 
gradually heated up to nearly the boiling-point of the acid. 
At this stage 5 grms. of potassium su phate are added to 
raise the boiling-point, and the heating is continued. The 
liquid is at first black, but becomes lighter in colour as the 
reaction goes on, passing through brown to yellow, and 
finally becoming almost colourless. 

The reaction usually takes several hours to complete, 
but once started may safely be left to itself . A crystal of 
copper sulphate added during the later stages will hasten 
completion. When the nearly colourless contents of the 
flask are cold they are diluted with a considerable bulk of 
water, and transferred to a 500 cc. copper distilling flask, 
together with enough of a 50 per cent solution of caustic 
soda to render the liquid alkaline, 20 cc. of a weak solu- 
tion of potassium sulphide, and one or two pieces of broken 
clay-pipe stem or pumice. A special bent delivery tube 
arranged to act as a condenser is used, fitted into the 
cork of the distilling flask, the other end dipping into a 
graduated measure containing a known volume (about 
20 cc.) of one-tenth normal sulphuric acid. 

The liquid in the flask is now rapidly distilled for about 
half-an-hour, by which time all the ammonia will have 
come over. Care must be taken so to regulate the heat 
that neither the liquid in the flask tends to be driven over 
into the delivery measure nor the acid to be sucked back 
into the flask. The distillate is cooled, and an aliquot 
portion titrated with one- tenth normal alkali, UBing 
methyl-orange. The number of cc. of alkali required for 
the whole 20 cc. of acid deducted from 20 gives the number 
of cc. of acid neutralised by the ammonia. Each cc. of 
tiiis neutralised acid corresponds to 0*00130 grm. of 
nitrogen, and the figure thus obtained multiplied by 556 
and divided by the weight of paper taken gives at once the 
percentage of “ bone-dry ” gelatin present. In the case of 
casein the factor is 490. 

A blank experiment using a paper free from gelatin 
should in all cases be done side by side with the above for 
the purpose of testing the reagents, &c. (even the air of the 
laboratory may invalidate the results by the presence of 
ammonia). Any neutralisation of acid obtained in the 
“ blank ” must be deducted from the figure obtained in 
the main experiment. 

The difficulties in carrying ont an accurate determina- 
tion of rosin in paper are great. Many methods have been 
proposed, but most of them are more or less unreliable. 
The simplest is perhaps that based on the turbidity pro- 
duced on diluting an alcoholic solution of rosin with a 
considerable bulk of water. The paper under examina- 
tion is extracted with alcohol, and tne extract poured into 
water in a tall glass cylinder. An opalescent turbidity is 
produced, due to the precipitation of free rosin, which 
turbidity is compared with that produced by. an alcoholic 
solution containing a known weight of rosin. The results 
obtained by this method are very variable, since other 
bodies liable to be present are precipitated at the same 
time— notably fatty acids from the soap often nsed in 
manufacture. The presence of more than 6 parts of rosin 
in 100,000 is further said to interfere with the delicacy of 
the reaction. 

In Schumann’s method the rosin is extracted by digesting 
with dilute alkali, precipitated with dilute sulphuric acid, 
filtered off, washed, dried, and weighed. Owing to the 
difficulty in completely removing the alkaline resinate 
formed the method is unsatisfactory, giving low results. 
The alkali, like alcohol, also extracts other bodies besides 
rosin, 
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The following method has been recently proposed by 
C. F. Sammet, of the Bureau of Chemistry, Washington, 
who claims the results to be within the experimental error 
of 0*2 per cent. Five grms. of paper are cut into strips, 
folded, and extracted in a Soxhlet with acidified alcohol 
(too cc. of 95 per cent alcohol with 15 cc. of a 5 per cent 
solution of acetic acid). The solvent is allowed to syphon 
over from six to twelve times, after which the alcoholic 
extract is washed into a beaker, evaporated to small bulk, 
taken up with 25 cc. of ether, and transferred to a 
separating funnel containing 150 cc. ot distilled water and 
a little salt to prevent emulsification. The contents of the 
funnel are well shaken, the water drawn off, and the 
process repeated. The combined ether extracts are then 
washed with distilled water to remove water soluble salts, 
and the washed extract transferred to a platinum dish, the 
ether evaporated, and the residue dried in the water-oven 
at 98° to 100° C. for one hour exactly, after which it is 
cooled and weighed. Fatty and waxy matters removed in 
the process are in too small proportions to affect the 
accuracy of the result. 

Wurster’s method for the determination of starch con- 
sists in first extracting rosin by treatment of the paper with 
absolute alcohol, acidulated with hydrochloric acid, and 
then drying and weighing the paper. The latter is now 
boiled with a solution consisting of equal parts of alcohol 
and water, also acidulated with hydrochloric acid, dried, 
and again weighed. The difference in the weighings 
represents the starch present. The method is open to 
objection for the following reasons, viz. : — Firstly, the 
alcohol extracts matter m excess ot the rosin, and, 
secondly, the starch is probably never completely removed 
by any process of simple solution. 

The most satisfactory plan yet devised consists in con- 
verting the starch into soluble sugars, and then deter- 
mining these. Two methods are available. In the first, 
the conversion is effected by means of malt extract or 
diastase, a weighed quantity of paper being first extracted 
with alcohol to remove rosin, dried, weighed, and then 
treated with malt extract at a temperature of about 6o° C. 
for half-an-hour to an hour. The glucose and maltose 
formed may be estimated directly in the manner hereinafter 
described, or the paper may be carefully washed, dried, 
and again weighed, and the difference in the two weighings 
taken as starch. 

The second method depends upon the power of dilute 
acids to convert starch into glucose. Five grms. of paper 
are boiled with 500 cc. of distilled water for thirty minutes, 
and then thoroughly pulped. Sulphuric acid is now added 
to the liquid in the proportion of 2 per cent of its weight, 
and the whole is heated on the water-bath under a reflux 
condenser for three hours, or until the liquid gives no 
further blue colour with dilute iodine solution. At the end 
of this time the liquid is filtered, a slight excess of caustic 
soda added, the nitrate made up to a litre, and 200 cc. 
taken for the direct estimation of sugar, which may be per- 
formed either (1) gravimetrically or (2) volumetrically. 
Each process is on occasion useful, and both will therefore 
be described. In each case the reagent used is Fehling’s 
solution, which is prepared by dissolving 34*64 grms. of 
pure, crystallised copper sulphate in distilled water, and 
diluting to 500 cc., while 70 grms. of caustic soda and 
x8o grms. of re-crystallised potassium sodium tartrate 
(Rochelle salt) are dissolved in about xoo cc. distilled water, 
and the solution also diluted to 500 cc* The two solu- 
tions are mixed in equal proportions just before use. From 
this mixture the reducing sugars possess the power of pre- 
cipitating red cuprous oxide in proportion to the amount 
of sugar present. 

For the gravimetric estimation, to 20 cc. of Fehling’s 
solution at the boil is added the 200 cc. of filtrate from the 
acid treatment of the paper, and the whole boiled for a 
further ten minutes. The red precipitate formed is 
filtered through a Gooch crucible, washed, ignited, and 
rapidly weighed as cupric oxide. The weight multiplied 
by 0*4535 gives the weight of glucose in the 300 cc. of 
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filtrate. The amount of glucose in the whole litre of 
filtrate multiplied by 0*9 gives the weight of starch present 
in the 5 grms. of paper. 

For the volumetric estimation* 10 cc. of Fehhng’s solu- 
tion diluted with water are boiled m a beaker, and^ while 
boiling, the sugar solution, of the same strength as in the 
gravimetric process, is run in from a burette until the blue 
colour of the Fehhng’b solution is completely discharged. 
In practice it is not easy to determine the end point of tne 
reaction, and it is therefore better to employ an indicator. 
For this purpose a drop of a solution of potassium ferro 
cyanide acidulated with acetic acid is placed on a white 
tile or spotted on a filter-paper, followed by a drop of the 
liquid from the beaker. While any unreduced copper 
remains m the latter, a brown precipitate or stain will be 
produced. The number of cc. of sugar solution used is 
then read off, and will correspond to 0*05 grm. of glucose 
since this amount is the weight of glucose capable of com- 
pletely reducing 10 cc. of Fehlmg’s solution. The amount 
of starch present in the 5 grms. of paper is calculated as 
follows:— 

0*05 x 1000 x 0'9 
No. of cc. ot sugar sol. UBed. 

Colouring Matters , 

Smalts , existing as it does in high-class papers, usually 
without admixture with loading materials, can be esti- 
mated with sufficient accuracy by incinerating the paper, 
weighing the ash, and making a correction for the small 
proportion of the latter due to the fibre, &c. This pro- 
portion does not usually exceed 2 per cent. 

The ultramarines are of variable and even doubtful 
composition, and are therefore best estimated by com- 
paring the depth of colour of the ash with that of stan- 
dard mixtures of the pigment with known proportions of 
china clay. 

Chrome yellow , orange , &c., also of variable composi- 
tion, may be determined, if necessary, by estimating the 
lead and chromium separately, and calculating the results 
to the nearest indicated composition. It is scarcely 
necessary here to describe the full gravimetric process as 
it is likely to be but rarely required. It will be sufficient 
to say that the lead is precipitated and estimated as the 
sulphate, and the chromium as chromic oxide. 

Prussian blue may be determined approximately by 
estimating the iron by igniting the paper, fusing the ash 
with sodium carbonate, treating the fused product with 
hot water, filtering, and boiling the residue with dilute 
hydrochloric acid and a drop or two of nitric acid. The 
solution is then again filtered, and the iron and alumina 
precipitated with ammonia in the presence of a little am- 
monium chloride. The precipitate of iron and aluminium 
hydrates is washed, filtered off, and digested with excess 
of caustic soda, then filtered again and carefully washed. 
The residue, which consists entirely of iron, is washed, 
dried, ignited, and weighed as the oxide. This process 
also serves for the estimation of all other iron pigments 
except fiie natural colours, ochres, &c. 

Oils and jats can be estimated by extracting with ether, 
evaporating the solvent, and weighing the residue. 

Paraffin-wax, similarly to the above, using benzene or 
or petroleum spirit. 

Salicylic Acid .— This substance is used as a preserva- 
tive in papers required for wrapping foodstuffs. It is 
extractable with petroleum ether, and may be estimated in 
the solution by diluting the latter with an equal volume of 
95 per cent alcohol and titrating with one-tenth normal 
aucafi, using phenolphthalein as indicator. Bach cc. of 
one-tenth normal caustic soda is equivalent to 0*0138 grm. 
of salicylic acid. .... . . . 

Carbolic Acid .— The estimation of carbolic acid m car- 
bolised wrapping paper is frequently required. Com 
mercial carbolic acid consists chiefly of cresylic acid with 
higher phenols, but little real phenol being usually present. 
Since, however, cfesol is probably as efficient an anti- 


septic and insecticide for ordinary purposes as phenol, the 
absence of the latter body is of little importance. Car- 
bolic acid may contain tar oils, which are, however, quite 
inert. Napthalene is also liable to be present. 

For the estimation of commercial carbolic acid (he 
bromine absorption method m use for the determination 
of phenol is valueless. The writer has found the fol- 
lowing method, which is based on a process originally 
described by Muter, quite satisfactory : — 

From 10 to 20 gims. of paper (according to the prob- 
able proportion of acid present) are cut into pieces and 
extracted with a sufficient quantity of alcohol (95 per cent) 
in a Soxhlet. The extract is transferred to a basin, mixed 
with about half its volume of a 10 per cent solution of 
caustic soda, and the mixed liquids evaporated in the 
water-bath to small bulk. Tar oils and naphthalene, if 
present, here separate out and may be removed by filtra- 
tion. The liquid is now transferred to a separating funnel 
and hydrochloric acid added cautiously and with gentle 
shaking until the liquid shows an acid reaction. Means 
should be taken to prevent the mixture becoming too hot 
during the process. A little brine is now added. The 
liberated tar acids rise to the surface of the liquid, which 
also becomes milky from the precipitation of rosin. The 
whole is now set on one side for a short time to complete 
the separation of the layer of tar acids, after which the 
resinous liquid is drawn off as completely as possible. 
The residue of oil is shaken up with ether or petroleum 
spirit, transferred to a weighed flask, the solvent evapo- 
rated off, and the residoe weighed. 

Bleach Residues .— Excessive quantities of chlorides are 
the chief indications of faulty treatment of bleach residues 
and of insufficient washing. For the estimation of soluble 
chlorides the paper is extracted with hot distilled water 
and the solution evaporated to small bulk. To the result- 
ing liquid is added, while stirring, silver nitrate solution 
till no further precipitate occurs, followed by a little nitric 
acid. The precipitate is allowed to settle, and the clear 
liquid is decanted through a filter. The bulk of the residue 
is now carefully washed several times with boiling distilled 
water to free it from acid, and is finally collected on the 
filter, and the whole dried in the water oven. The chloride 
is scraped from the filter, transferred to a weighed crncible, 
and heated at a low temperature until it commences to 
fuse. The filter is ashed separately on the crucible lid, 
and the ash treated with a drop of aqua regia, the resulting 
chloride being dried and added to the residue in the 
crucible. The weight of chloride multiplied by 0*248 gives 
the total chlorine. 

Alum . — For the estimation of alum the paper is extracted 
with hot water, rendered slightly acid with a drop or two 
of sulphuric acid. The alnmina is then precipitated with 
ammonia and estimated as described under u Loadings.” 

Acidity .— The total acidity of a paper is estimated by 
titrating a distilled water extract with one-tenth normal 
alkali, using litmus as indicator. 

Soluble Sulphur Compounds are determined by extrac- 
tion with distilled water and titration with one-tenth 
normal iodine solution. 

Arsentc.— An estimation of this substance is occasion- 
ally required, as where it forms the base of a colouring 
matter, or as in fiy-papers, &c. Where a relatively large 
quantity is available and is present as arsenious acid (as it 
frequently is) it may be estimated by extracting with a 
boiling solution of sodium bicarbonate and titrating the 
extract with one-tenth normal iodine and starch. Each 
cc. of one-tenth normal iodine corresponds to 0*0049 gnu. 
of arsenious acid. Where minute quantities of arsenic 
only are present (or available) the following process is 
necessary 

The paper is first heated for some time with a mixture of 
sulphuric and nitric acids m the proportion of 30 parts to 1. 
The carbonised residue is boiled with distilled water and 
filtered. An apparatus is prepared consisting of a flask 
provided with a stoppered funnel and having an outlet 
connected to a drying tube containing calcium chloride, 
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and leading to a hard-glass tube having a piece of wire 

g iaze wrapped round it near the middle, and heated by a 
unsen under the gauze. The arsenic extract is intro- 
duced into the flask via the stoppered funnel after 
3 to 3 grms. of arsenic, free zinc, and some pure hydro- 
chloric acid have been placed in the flask. A mixture of 
arseniuretted hydrogen and hydrogen is evolved, which is 
split up on reaching the heated portion of the tube and 
deposits a mirror of metallic arsenic in the cooler portion 
of the tube. This mirror is compared with those produced 
by solutions containing known amounts of arsenic. A 
“ blank ” experiment must always be performed in order to 
test the purity of the reagents . — Chemical Engineer , 
xx», No. 6. 


THE PERMANGANATE DETERMINATION 
OF IRON IN THE PRESENCE OF CHLORIDES.* 
By O. L* BARNBBEY. ' 

(Continued from p. 126). 

Application of other “ Preventives ” (continued). 
Magnbsixju sulphate and zinc sulphate produce decided 
effects m checking the influence of hydrochloric acid, the 
former being more efficient than the latter. 

Scrutiny of Table XI. shows good results in only two 
cases when magnesium sulphate was used, e.g., Experi- 
ments 2 and 3, m which only 5 cc. of hydrochloric acid 
was added. In the zinc sulphate series all the results were 
too high. Almost identical volumes of permanganate were 
required for 5 cc. of hydrochloric acid within a range of 
35 to 200 cc. of the zinc sulphate solution. A somewhat 
analogous set of figures was obtained for xo cc. of hydro- 
chloric acid within a range of 50 to 200 cc. of the magne- 
sium sulphate. These results show a tendency toward 
prevention, which, nevertheless, is not sufficient for 
practical application in titrating iron. 

Chromium and ferric sulphates were found to have no 
value as preventives of the high results due to the action 
of hydrochloric acid on permanganate. High concentra- 
tions of chromium were naturally impossible on account of 
the colour imparted to the solution. 

Mixtures of tri-potassium or di-sodium phosphate and 
phosphoric acid were found to produce excellent 
prevention. 

Experiments x, 2, 3, 24, 25 are titrations with “ man- 
ganese Bulphate solution No. 1.” Experiments 8, xo, 14, 
show the influence of adding the alkaline phosphate before 
the acid. In all likelihood some of the iron is precipitated 
as ferrous phosphate in these cases, yielding low results. 
Experiments 16, xg, 20, indicate an insufficiency of acid to 
keep the ferrous phosphate from forming. Experiments 
X2, 13, 15, 21, 22, show that when the proper adjustment 
of phosphoric acid and potassium phosphate is obtained 
correct results follow.' A proportion of not less than three 
volumes of x — x phosphoric acid to one volume of 50 per 
cent K3PO4 gives the best results. A solution containing 
500 grms. of tripotassium phosphate (or its equivalent in 
dipotassium phosphate) and 1500 cc. of phosphoric acid 
(sp. gr. 1*7) diluted to 2 litres can be used instead of the 
separate reagents. Twenty cc. of this solution will stop 
the action of 5 cc., and 60 cc* will suffice for 25 cc. of 
hydrochloric acid (sp. gr. 1*10). 

In Series XIII. a saturated solution of Na 2 HP0 4 .X2H 2 0 
was employed. 

This series shows excellent prevention, even 35 cc. of 
hydrochloric acid being taken care of nicely, and 50 to 
xoo cc. did not produce an error such as one might 
anticipate. 

The phosphoric acid and sodium phosphate may be 
combined into one solution by preparing as follows: — 
Solution of 500 grms. of disodmm phosphate in xooo cc. 

* From the Journal of the American Chemical Society , xxxvi., 
Ne. y. 


Table XI. 

Series XIII. — Magnesium and Zinc Sulphates as Pre- 
ventives. x cc. KMn04« 0*004847 grm. Fe. 20 cc. 
FeCl 3 (* 0*2283 grm. Fe) + 10 cc. HgCI 2 taken. 
MgS0 4 solution « MgS0 4 ,7H 2 0 -500 grms. per litre. 


Expt. 

HC1. 

MgSO* 

Fe found. 

No. 

Cc. 

Cc. 

Grms. 

X. 

5 

— 

0*2283 (0) 

2. 

5 

50 

0*2283 

3* 

5 

50 

0*2285 

4* 

10 

50 

0*2293 (6) 

5- 

xo 

XOO 

0*2297 

6. 

xo 

150 

0*2293 (ty 

7* 

xo 

200 

0*2293 W 

8. 

x 5 

50 

0*2297 w 

9* 

20 

50 

0*2327 (b) 

XO. 

25 

50 

0*2346 lb) 

XX. 

xo 

— 

0*2366 (1 c ) 

1 cc. KMnCL =* 0*005309 grm. Fe. 20 
grm. Fe) + xo cc, HgCl* taken. 

cc. FeCl 3 (<-0*2283 
ZnS0 4 solution *= 

500 grms 

ZnS0 4 *7H 2 0 per litre. 

1. 

5 


0*2283 (a) 

2. 

5 

’ — 

0*2378 

3* 

5 

20 

0*2296 

4. 

5 

25 

0*2293 

5* 

5 

50 

0*2293 

6. 

5 

XOO 

0*2293 

7* 

5 

200 

0*2291 

8. 

25 

XOO 

0*2325 fc) 

9* 

25 

200 

0*2304 (6) 

10. 

10 

50 

0*2293 

XX. 

15 

50 

0*2309 

12. 

15 

XOO 

0*2393 

13* 

20 

X25 

0*2309 

14. 

20 

200 

0*2309 

x 5* 

20 

250 

0*2291 


(a) 20 cc. Mn solution No. 1 added. 

S HgCl partially disappears. 

HgCl disappears entirely. 


Table XII. 

Series XIV. — Potassium Phosphate Mixtures as Preven- 
tives. K 2 P0 4 solution « 500 grms. K 3 PO 4 per litre. 
20 cc. FeCl 3 « 0*2031 grm. Fe + xo cc. HgCl 2 taken. 
1 cc. KMn0 4 *■ 0*004887 grm. Fe. 

Exp. HC1. Hj 

No. Cc. < 

I. 5 

2- 5 

3* 5 

4. 5 

5. 10 

6. 25 

7- 50 

8. 5 

9* 5 

xo. 5 

xi. 5 

12. 5 

13* 5 

14. 5 

13. xo 

16. 5 

17. 25 

x8. 23 

19- 25 

20. 25 

21. 23 

22. 25 

23. 25 

34. 5 

25- 5 

(а) 30 cc. manganese solution No. x added. 

( б ) HgCl dissolved almost completely. 

(c) Added K 2 P0 4 before the acid (H 3 PO, or H 2 S0 4 ) -f- 
30 cc. manganese solution No. 1 added. 


KflPOji 


H 3 SOi. 


xo 

xo 

10 

xo 

xo 

xo 

xo 

xo 

20 

10 

20 

30 

30 

30 

30 


30 

30 

30 

30 


30 
30 
30 
30 
30 

30 

50 
50 
75 
:oo 

500 

500 — — 


Weight of 
e found. 



o' 205 5 

0*2x60 (b 

0*2189 (1) 

0*2x80 (b 

0*1906 (c 

0*2048 

0*1899 (c 

0*2053 

0*2031 

0*2033 

0*1891 (& 

0*2031 

0*2004 

0*2072 

0*2051 

0*2009 

0*2026 

0*2031 

0*2031 

0*2063 

0*2031 

0*2033 
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Table XIII. 

Series XV.— Disodium Phosphate Mixtures as Preventives. 
20 cc. FeCI 3 «■ 0*2280 grin. Fe + 10 cc. HgCl a taken, 
x cc. KMn0 4 « 0*004887 grm. Fe. 


Expt. 

No. 

HC1. 

Cc. 

NajHPO 4 . 
Cc. 

HapO* 

Weight of Fe 
found. 

X. 

5 

50 

xoo 

0*2280 

2. 

xo 

50 

xoo 

0*2280 

3 * 

15 

50 

xoo 

0*2284 

4 * 

20 

50 

xoo 

0*2282 

5 * 

25 

50 

xoo 

0 2280 

6. 

30 

50 

xoo 

0 2280 

7 * 

35 

50 

xoo 

0*2282 

8. 

50 

50 

xoo 

0*2292 

9 . 

60 

50 

xoo 

0 2292 

xo. 

xoo 

50 

xoo 

0*2292 ( b ) 

XX. 

5 

5 

xo 

0*2287 

X 2 * 

5 

xo 

20 

0*2280 

* 3 * 

5 

so 

40 

0 2278 

14. 

5 

20 (a) 

— 

0*2280 


[a) Manganese solution No. 1. 
(i) End-point unstable. 


Table XIV. 


Series XVI. — Cerium Sulphate as Preventive. 20 cc. 
FeC) 3 (» 0*2291 grm. FeCl 3 ) + 10 cc. HgCl 2 taken, 
x cc. KMn0 4 * o 004887 grm. Fe. 


Expt. 

HC1. 

Cej(SOi)o solution. 

Weight of Fe 

No. 

Cc. 

Cc. 

found. 

X. 

5 

xo 

0*2309 

2. 

5 

20 

0*2291 

3 ' 

5 

20 

0*2293 

^ 4* 

5 

20 

0*2293 

5* 

xo 

20 

0*2299 

6. 

7 

20 

0*2293 

7* 

5 

25 

0*2293 

8. 

5 

35 

0*2288 

9* 

5 

50 

0*2288 

xo. 

5 

20 (a) 

0*2291 

Series XVII. 

— Cerium Sulphate Mixture as Preventive (d). 

20 cc. 

FeClq (« 

0*1571 grm. Fe) + 

10 cc. HgCl 2 

taken. 

1 cc. KMn0 4 ■ 0*004887 grm. 

. Fe. 

X. 

5 

5 

0,1583 

2. 

5 

10 

0*1570 (b) 

3* 

5 

xo 

°* r 579 W 

4- 

5 

*5 

0*1572 (c) 

5- 

5 

25 

0*1572 (c) 

6. 

xo 

20 

0*1574 (b) 

7- 

20 

20 

0*1614 ( c ) 

8. 

20 

35 , , 

0*1572 

9* 

5 

20 (a) 

0*1571 


(a) Mn solution No. x. 

(b) Slow titration. 

(c) Rapid titration. 

(d) A solution o£ mixed earth sulphates when analysed 

was found to contain 65 grms. Ce2(S0 4 ) 3 .8H 2 0 + 
200 cc. H 2 S0 4 per litre. This solution was used 
as was the cerium sulphate of the preceding series. 


of phosphoric acid and 500 cc. of water, then dilation to 
2000 cc. Thirty cc. is a sufficient quantity for xo cc., and 
xoo cc. are enough to offset the action of 25 cc. of hydro* 
chloric acid. 

Cerium sulphate gives excellent prevention of the hydro- 
chloric acid interference. In fact, it works as effectively 
as manganous sulphate when its efficiency is measured 
on the basis of grm. equivalents. Twenty grms. of 
Ce 2 (S0 4 ) 3 .8H 2 0 were dissolved in 250 cc. of water to be 
used in Series XVI. and XVII. 

Thus it is to be Been that Ce2(S0 4 ) 3 is very effective in 
stopping the detrimental nature of hydrochloric acid on 
permanganate, its value being commensurate with MnS0 4 . 

(To be continued). 


*4* 

MOBILISATION OF INDUSTRY AND SCIENCE. 

Conference at Mansion House. 

A great deal has been written of late about the co- 
operation of industry with science, but it has not been 
generally known that a considerable amount of quiet but 
effective work has been going on during the last five 
months to consummate that very desirable object. 

There are a certain number of people who hold the 
view that any organisation work of a business nature 
should be held in abeyance until the war is over, but they 
forget that there are two wars now progressing, one 
industrial and the other military. 

The phrase “ Mobilisation of Industry which has 
recently been used, originated at the Institute of Industry 
and Science, but since the inaugural meeting, held at the 
Savoy Hotel last October, the phrase has now been 
altered to that of “ Mobilisation of Industry and Science.” 

To defer the organisation of industry and science until 
the war is over would lose to us the advantage which our 
brave troops are creating for us at the front ; not only that, 
but such an organisation could be of considerable assist- 
ance to the Government if its services were required. 

The arrangements which the Institute of Industry and 
Science have been making for some months past with 
regard to the holding of a Conference in London of the 
leaders of industry and science to discuss the British 
position have now been completed, and a Conference is 
being held at the Mansion House on the 25th mst., 
which the Lord Mayor, who is a Vice-Patron of the Insti- 
tute, has very kindly placed at the disposal of the Court 
of Directors. Important speeches will be made by many 
of our most eminent men of industry and science, and the 
proceedings will be opened with an address on “ The In- 
fluence of Science on Political Economy,” to be followed 
by a discussion on “The Co-operation of Science and 
Industry.” The titles may seem somewhat technical, but 
it may safely be assumed that the discussion will follow 
essentially practical lines, and will be easily understood by 
all of those who may be present. 

Invitations have already been issued to the trade 
organisations and leading men of industry, and, most im- 
portant of all, to our leading men of science, and the pro- 
ceedings promise to be of a highly interesting nature. 

A very effective organisation has already been created 
by the Institute of Industry and Science, and at a meeting 
of the directors held on the xoth inst. it was resolved to 
place the organisation at the disposal of the Government 
without reservation, and this has already been done. 

The gentlemen who are actively engaged in the work of 
(he Institute are as follows : — 

Sir Robert Balfour, Bart., M.P. (Messrs. Balfour, Wil- 
liamson, and Co., City merchants). 

Sir William Beardmore, Bart. (Chairman, Messrs. Wm. 
Beardmore and Co., Ltd., Glasgow). 

Alfred Allen Booth, Esq. (Chairman, the Canard Steam- 
Ship Co., Ltd.). 

Sir Clifford J. Cory, Bart., M.P. (Messrs. Cory Bros, 
and Co., Ltd.), Cardiff. 

Arthur Du Cros, Esq., J.P., M.P. (Vice-Chairman and 
Managing Director, the Dunlop Robber Co*, Ltd., 
London). 

Sir James Heath, Bart. (Messrs. R* Heath and Sons, 
Ltd.), ironmasters, Staffordshire. 

G. B. Hunter, Esq., J.P., D.Sc. (Chairman, Messrs. 
Swan, Hunter, and Wigham Richardson, Ltd., 
Wallsend-on-Tyne). 

Claude Johnson, Esq. (General Managing Director, Rolls 
Royce, Ltd., London and Derby). 

Sir Norman Lockyer, K.C.B., LL.D., F.R.S., &c. 

William Lorimer, Esq. (Chairman, the North British 
Locomotive Company ; Chairman, the Steel Company 
of Scotland). 

J. Taylor Peddie, Esq., F.S.S. 

Sir William Ramsay, F.R.S., F.C.S., D.Sc., &c. 


Mobilisation oj Industry and Science. 
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Occurrence oj Chlorine in Coal. 


H3 


like pitch or glass, the steel at this temperature shows 
considerable elastic afterworking. If the stress be suddenly 
removed the immediate elastic recovery is followed by a 
slow backward flow, which persists for many minutes. 

“ The Laws of Series Spectra,” By Prof. J. W. 
Nicholson. 

The paper contains a critical analysis of the Diffuse, 
Sharp, and Principal series of Helium, especially in the 
light of recent interferometer measurements of the leading 
lines of these series. 

The investigation depends on a mode of accurate calcu- 
lation of the limits of series, not dependent on che type of 
formula used. 

The limits of series with many lines, for which a Hicks 
formula is already known, can be calculated with extreme 
accuracy by a new method. 

Interferometer measures of leading lines of Helium series 
enable the best form of the series to be obtained. This 
form is an extension of that of Rydberg, dependent on 
*»4-p and not in. 

The value of Rydberg’s constant 109679*2, given by 
Curtis for Hydrogen, is the true value for the arc spectrum 
of Helium, and is in fact a rigorous constant for arc 
spectra. Spark spectra are not treated. 

The Rydberg-Scbuster law of limits is exact for Helium. 

It seems probable that y is a simple fraction whose 
denominator is a multiple of 5, as Halm has suggested, 
it is exactly 0*7 for the short senes of Helium* 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Meeting , March 3, 1915. 

Mr. A. Chaston Chapman, President, in the chair. 

Mr. David Mitchell was elected a member of the Society. 

Certificates were read for the first time in favour of 
Messrs. Paul Seidelin Arup, 31, St. Petersburgh Place, 
Bayswater, W.; Alexander Scott Dodd, 20, Stafford 
Street, Edinburgh; Harri Heap, Brunside, Lyndhurst 
Road, Withington, Manchester; Francis Howard Carr, 
Edgmont, Derby Road, Nottingham. 

The following papers were read 

« Soluble Chlorides and Total Chlorides in some English 
Cokes,” By Stanley W. Bridge, B.Sc., F.I.C. 

An examination has been made of a number of samples 
of coke derived from English coals and cannels from dif- 
ferent districts, with the object of determining the amount 
of soluble chlorides and total chlorine. The results show 
that very considerable variations occur in the amounts, and 
that the variations are, in general, of the same order as in 
the coal. The proportion of the chlorine remaining in 
the coke depends, however, also to a large extent on the 
temperature at which the coal has been carbonised ; the 
coke obtained from the same coal by low temperature 
carbonisation being much higher both in soluble chlorides 
and total chlorine than that obtained at a high tem- 
perature. 

“ Routine Detection and Estimation of Boric Acid in 
Butter,” By Herbert Hawley, M.Sc., F.I.C. 

The paper describes a method for the estimation and 
detection of boric acid m butter colorimetrically with 
alcoholic extract of turmeric. The method has the 
advantage that— (i) the same 20 gtm. portion serves for 
both the detection and estimation of the preservative and 
for an examination of the constants of the fat ; (2) the 
process yields very rapid quantitative and qualitative 
results when dealing with a number of samples. 

“Structure of Pepper: Some New Features,” By T. E. 
Wallis, B.Sc., F.I.C. , 

A description with illustrations of the microscopical 
Structure of the seed coat and adjacent layers of the fruit 


of Piper nigrum , L., with special reference to the modi- 
fications found at the apex and the base of the fruit. The 
tissues described are so greatly altered in these parts that 
anyone acquainted with their appearance and noticing them 
in a sample of commercial pepper would be inclined to 
fancy that some extraneous substance was present, 
especially as there has hitherto been no complete descrip- 
tion of them published. 

“ Occurrence of Chlorine in Coal,” By A. de Waelr. 

A case of abnormal corrosion of the tube of an 
economiser was traced to the presence of chlorine in the 
coal used, whilst comparisons of total chlorine as deter- 
mined by combusion in lime and chlorine as soluble 
chlorine by extraction of the powdered coal with water 
showed good agreement, averaging about 0*22 per cent Cl. 
These coals being traced to their origin of Midland coals 
from the brine districts, Welsh coals supplied to another 
boiler, where corrosion was merely normal, were found to 
average o'oio per cent Cl, the ignition and extraction 
analysis, moreover, agreeing. 


NOTICES OF BOOKS. 


Muter’s Short Manual of Analytical Chemistry, Edited 
by J. Thomas, B.Sc.(Lond.). Tenth Edition. London : 
Baillibre, Tindall, and Cox. 1915. 

This book contains a very complete course of practical 
work lor students of pharmacy. Qualitative analysts, in- 
cluding the detection and separation of common metals, 
acid radicles, the alkaloids, and organic substances used 
in medicine, is the subject of the first part of the book, 
while Part II. treats of volumetric and gravimetric work. 
Some food analysis is included, simple and direct methods 
of testing butter, milk, bread, flour, &c., being explained. 
Special processes used in the analysis of drugs are also 
given. In the tenth edition many additions and altera- 
tions have been made, chiefly such as have been necessi- 
tated by changes in the British Pharmacopoeia, and in 
some other respects the text has been revised. 


A First Course of Practical Chemistry for Rural Secondary 

Schools, By William Aldridge, B.A., B.Sc. 

London : G. Bell and Sons, Ltd. 19x5. 

This two years’ course in elementary practical chemistry 
is intended to give the student some training and practice 
in fitting up and using chemical apparatus, in the description 
of simple experiments, and the drawing of correct conclu- 
sions from observations, which apply cniefly to substances 
which the average boy in a country secondary school would 
be likely to come across in his every-day life The experi- 
ments described are mostly easy to perform and require no 
complicated apparatus, and although the treatment of the 
subject might appear to some extent superficial and rather 
desultory the boys’ interest would certainly be aroused 
more than by a mere rigid course in pure chemistry. The 
section on biological chemistry in particular contains some 
very instructive experiments. 


Practical Neat, Light , and Sound, By T. Picton, M.A., 
B.Sc. London : G. Bell and Sons, Ltd. 19x5. 

This is a really excellent book for beginners, and a valu- 
able course of work in heat, light, and sound could be 
based npon it. The directions for the performance of the 
experiments are always models of clearness and concise- 
ness, and the experiments themselves are well chosen. 
Many questions are interpolated through the book, and if 
the author’s advice is followed and the pupil fe made to 
answer them in full, the possibility of heedless mechanical 
work, in which principles are only half understood, will be 
altogether excluded. Supplementary problem* and ques- 
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THE NITROGEN OF PROCESSED 
FERTILISERS.* 

By ELBERT C. LATHROP, 

Scientist in Soil Fertility Imestigations. 

Introduction. 

Organic compounds have lately taken on a deeper signi- 
ficance in their relation to the complex problems of the 
soil and of crop production, for not only do they affect the 
physical conditions and chemical reactions of the soil but 
they also have been shown to be directly connected with 
fertility or infertility, some of them being essentially bene- 
ficial to the growth of plants, while others are distinctly 
harmful. Of the organic compounds thus far isolated 
from soils, a large number contain nitrogen, and of these 
nitrogenous substances some have been found rather 
widely distributed in soils varying as to location, climate, 
methods of cropping, &c. These nitrogenous compounds 
occur either as plant constituents or arise from the de- 
composition of plant or animal protein, brought about by 
the various biological and biochemical agents in the soil. 
Not only compounds of this class found in soils but also 
many other protein decomposition products have been 
studied, both alone and in conjunction with the three fer- 
tiliser elements, in respect to their action on plant growth, 
and they have been Bhown in a number of cases to exert a 
beneficial influence ; furthermore, these complex com- 
pounds are available for use by the plant without first 
being changed by chemical or biochemical means into 
ammonia and then to nitrates. 

(Note .— 1 "A Beneficial Organic Constituent of Soils: 
Creatinine, M by Oswald Schreiner, E. C. Shorey, M. X. 
Sullivan, and J. J. Skinner, Bui. 83, Bur. Soils., L\S. 
Dept. Agr., 1911. ‘'Nitrogenous Soil Constituents and 
their Bearing on Soil Fertility,” by Oswald Schreiner and 
J. J. Skinner, Bill . 87, Bureau of Soils, U.S. Dept. Agr., 
1912. This investigation is a contribution to the know- 
ledge of the nature of the changes brought about in the 
manufacture of some of the processed fertilisers, and of 
the character and availability of such processed goods in 
mixed fertilisers when used in farm practice). 

That these facts have an immense practical bearing on 
fertilisers and the fertiliser industry, both from the stand- 
point of the producer and of the consumer, is at once 
obvious. The old high-grade nitrogenous fertilisers, such 
as cottonseed meal, dried blood, fish scrap, &c., are being 
used more and more for feed purposes, and the time can 
not be far distant when their use as fertilisers will cease to 
be economic ; thus a necessity for other and cheaper fer- 
tilisers of this type arises. Coupled with this is the desire 
of the chemist and the manufacturer to utilise in one way 
or another all waste products, whatsoever their nature, 
so that the number and kinds of nitrogenous materials 
which are used in the manufacture of fertilisers is on the 
increase. Described in the patent literature and found on 
the market are a large number of fertilisers which may be 
characterised as “ processed,” that is, the crude materials, 
not in themselves permissible as fertilisers, are made to 
undergo some decided chemical change to render them 
suitable as plant nutrients. It has been found that the 
“availability” of the crude substances is nearly always 
greatly increased by such processing and that a much 
larger percentage of the nitrogen in the finished product 
is soluble in water, although the actual chemical changes 
produced seemed to have received little attention. The 
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chemical compounds in processed fertilisers which are here 
shown to have direct fertiliser significance have not been 
determined, other than to show that ammonia is formed 
during processing and that ammonia is more readily pro- 
duced from the processed goods. 

Since the wastes from which this type of fertiliser is 
made contain more or less protein, or protein-like sub- 
stances, it seemed quite obvious that the finished fer- 
tilisers must contain more or less of the chemical com- 
pounds which would arise by such treatment from pure 
proteins in the laboratory. Since the action on plants of 
many of this class of compounds has been determined 
it is evident that the finding of such compounds in the 
fertilisers would throw much light on the question of the 
“ availability ” of the nitrogen in the fertiliser itself. 


Base Goods a Type or Processed Fertiliser. 


For a chemical study of processed fertilisers a sample 
of “ wet-mixed ” or “ base goods ” fertiliser was chosen as 
a representative of this type of fertiliser material. The 
base goods was obtained directly from the factory for use 
in this investigation. This fertiliser is made by the treat- 
ment of various trade wastes and refuse, such as hair, 
garbage tankage, leather scraps, &c., with rock phosphate 
and the requisite amount of sulphuric acid. These 
materials are mixed together in a “ den ” and the resulting 
mass is allowed to stand for several days, until it is cool 
enough to be conveniently handled. In the course of the 
reaction the mass reaches a temperature approximating 
ioo° C., and the identity of the original substances is 
almost or entirely lost. Under these conditions it is cer- 
tain that more or less hydrolysis of the proteins in the 
crude materials takes place, with the formation of pro- 
teoses, peptones, polypeptides, or the simple amino acids, 
the kinds and number of products formed necessarily de- 
pending on the proportion of the different proteins in the 
original materials, on the amount and strength of the 
acid, the length of time of the reaction, and the tempera- 
ture reached during the treatment. 

Hartwell and Pember (Joum. Ind. Eng . Chew., 1912, 
iv., 4 41) have recently made a study of base goods in order 
to determine the availability of the nitrogen contained in 
it as compared with that of the high-grade nitrogenous 
fertilisers. The product which they useid was made from 
hair tankage, garbage tankage, and roasted leather, 
together with rock phosphate and sulphuric acid. From 
their report the following figures for the analysis of the 
crude materials used in producing the fertiliser and of the 
finished product are taken 

Table l.— Total Nitrogen in Crude Materials and 
Finished Product. (Hartwell and Pember). 

Nitrogen, per cent. 


Hair tankage . . . . 

Roasted leather 

Garbage tankage 

Base goods, including the above . . . . 

Water soluble nitrogen in base goods . . 
Water insoluble nitrogen in base goods . 


628 

6*49 

2-87 

i-68 

1*28 

0*40 


Table II . — Percentage of the Total Nitrogen present in 
different forms. (Hartwell and Pember). 

After removing 
Before putting from 

into the den. the den. 

In ammonia . . .. 6*5 I4’3 

In water soluble organic matter 7*8 577 

In water insoluble organic matter 857 28*0 

The experimental work of the present investigation was 
along two separate lines: (1} Analytical, involving total 
nitrogen determinations and the separate estimation of the 
various forms in which nitrogen may occur; (2) a deter- 
mination of the definite chemical compounds present in 
the fertiliser by suitable methods of isolation and identi- 
fication. 
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The Chemical Examination or Base Goods. 

Total Nitrogen and Ammonia . 

Total Nitrogen.— The total in the babe goods was deter- 
mined by the Kjeldahl-Gunnmg-Arnold method and was 
found to be 1 61 per cent (Circular xo8, p. 15, U.S. Dept. 
Agncuiture y Bureau of Chemibtry, 1912 ; T. C* Trescot, 
Journ . Ind. Eng . Chem ., 19131 v., 914). 

Ammonia . — Considerable difficulty was experienced in 
obtaining concordant results in the determination of the 
nitrogen in the form of ammonium salts. Boiling weighed 
amounts of the base goods with water and mr gnesium hy- 
droxide, according to the official method ( Bui. 107, 9, 
Revised, Bureau of Chem., U.S. Dept. Agr.), for the de- 
termination of ammonia in fertilisers, did not give dupli- 
cate results sufficiently close for the purpose of this re- 
search. Owing to the acidity of the sample, it was im- 
practical to use barium carbonate, but litharge was used 
with varying results. Finally, the determination was 
made by using the vacuum distillation method, which gave 
concordant results. This method, which gives only the 
nitrogen found as ammonia or as ammonium salts, is used 
for the determination of amide nitrogen in the products of 
acid hydrolysis of proteins. A weighed quantity of the 
fertiliser was placed in a Claisen flask connected up with a 
cooled receiver of 1 litre capacity and a small guard flask 
of 200 cc. capacity. Both flasks contained o'iN sulphuric 
acid. To the fertiliser was added xoo cc. of neutral 95 
per cent alcohol and xoo cc. of distilled water, together 
with enough 10 per cent suspension of calcium hydiroxide 
to make the mixture decidedly alkaline in reaction. The 
ammonia was then distilled under a pressure of from 10 to 
12 mm., the temperature of the bath not exceeding 40° C. 
In the table which follows are given the results obtained 
by the three methods here used for the determination oi 
ammonia. 


Table III . — Nitrogen in the form of Ammonia or 
Ammonium Salts. 

Expressed in per cent 
Expressed in per of total nitrogen 
Method. cent of babe goods. in base goods. 


Magnesium hydroxide 

distillation .. ,. 0380 0389 23*60 24*16 

Lead oxide distillation 0*394 0*420 24*47 26*09 

Vacuum distillation . . 0374 0374 23*23 23*23 


An examination of these results shows that by boiling 
with magnesia or litharge, somewhat more nitrogen is 
found as ammonia than really exists in this form in the 
base goods. It iB therefore probable that there are in the 
base goods nitrogenous compounds which are broken down 
into ammonia by the action of these alkaline reagents at a 
temperature of xoo° C. The use of magnesia at boiling 
temperature for the purpose of determining the amount oi 
ammonia split off by acid hydrolysis from certain proteins 
which contained cystine, was found to give unreliable 
results (Emhden, quoted by Gumbel, “Hofmeister’s 
Beitrage,” 1904, v., 297 ; Hart, Zeit. Phys. Chem,, 1901, 
xxxiii., 354 ; Folin, Ibid., 1903, xxxix., 476 ; Denis, Journ. 
Biol. Chem., 1910, viii., 427). The reason for this was 
found to be that magnesia under such conditions changes 
a part of the amino nitrogen of cystine into ammonia. In 
this laboratory it was also found that by boiling cystine 
with lead oxide one of the amino nitrogen groups of this 
compound was split off almost quantitatively, with the 
concurrent splitting off of hydrogen sulphide. Further- 
more, it has been shown that if the amide nitrogen from 
protein hydrolysis is determined by distillation with a weak 
alkali, such as calcium hydroxide, at a temperature not to 
exceed 40° to 42° C. in the bath and at a pressure of from 10 
to 12 mm., no decomposition of cystine takes place 
(Gumbel, “ Hofmeistex’s Beitrage,” 1904, v., 297). 

In the manufacture of base goods the hair which is used 
contains proteins which on acid hydrolysis yield a high 
percentage of cystine. This fact, together with the 
analytical results just discussed, suggest rather strongly 


that there is present in the base goods more or less 
cystine, although this evidence cannot be considered con- 
clusive, since it is possible that in such a heterogeneous 
mixture there may be present other nitrogenous compounds 
which would be decomposed by magnesia or litharge with 
the liberation of ammonia. 

Nitrogen Partition . 

For the purpose of determining the different forms of 
nitrogen present in the base goods the method of Van 
Slyke ( Journ . Biol. Chem., 1911, x., 15) was followed in 
its essential details, except that the determination of cys- 
tine was not made. The method for the determination 
of this compound, according to the procedure used by 
Van Slyke, depends not upon a nitrogen determination 
but upon the determination of the amount of sulphur in 
the compounds precipitated by phosphotungstic acid. 
This determination when made on the hydrolytic products 
of acid digestion of pure protein may give quite satisfac- 
tory results, but the raw materials from which base goods 
are made contain many organic compounds other than 
proteins or protein decomposition products, and this is of 
course particularly true in the case of garbage tankage. It 
is well known that many plant and animal substances 
contain sulphur in a variety of linkages, and garbage 
tankage no doubt contains Bulphur in other forms than 
that of cystine. The hair ana leather used have both 
undergone some decomposition before the acid treatment, 
and it is not impossible that the cystine originally present 
in the proteins may have been changed into sulphur com- 
pounds of a different chemical nature. No doubt some 
sulphur compounds other than cystine are precipitated by 
phosphotungstic acid, so that a determination of cystine 
depending on the sulphur content of the phosphotungstic 
acid precipitate would be of uncertain value in dealing 
with material of unknown origin and of such a hetero- 
geneous character as fertiliser goods. 

It should also be stated that although the results from 
the Van SI) ke analysis are expressed in the usual way, 
arginine N, histidine N , &c , that is not intended to convey 
the impression that these fractions contain pure arginine, 
histidine, &c., since, as will be shown later, other com- 
pounds are included under these analytical terms. How- 
ever, the nitrogen so expressed is that which is contained 
in compounds which give the various reactions upon which 
the Van Slyke method depends. 

Two 2o*grm. samples of base goods were extracted for 
analysis. The first sample was extracted with boiling 
water until the extract ceased to give an acid reaction. 
The second sample was boiled for twenty-four hours with 
hydrochloric acid, sp. gr. i*i 15, the resulting solution was 
filtered by suction, and the insoluble residue washed with 
hot water until the washings ran free from chlorides. The 
two extracts were then concentrated to the consistency of 
a syrup in vacuo to expel the free volatile acid, and each 
was finally made up to a volume of 250 cc. 

Total Nitrogen . — Total nitrogen in solution was deter- 
mined by subjecting 50 cc. of the solution to Kjeldahl 
analysis. The water extract contained 1*372 per cent and 
the hydrochloric acid extract 1*435 P ei cent of the base 
goods. 

Amide Nitrogen . — Amide nitiogen was determined by 
distilling in vacuo the remaining 200 cc. of solution, to 
which were added 100 cc. of 95 per cent alcohol and 20 cc. 
of a xo per cent suspension of calcium hydroxide, as 
described under the determination of ammonia. The 
water extract contained 0*374 per cent and the hydro- 
chloric acid extract 0*882 per cent. 

Humin NiUogen .— The residue from the amide nitrogen 
determination was used for the determination of humin 
nitrogen. The precipitate, formed by the addition of 
calcium hydroxide, was filtered off and washed with dis- 
tilled water in the same manner in which Van Slyke 
directs that the phosphotungstic acid precipitate be 
washed. The washing was continued until no reaction for 
chlorides or alkalinity was obtained. The nitrogen re- 
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maining in the precipitate and in the filter-paper was then 
determined by Kjeldahl analysis. The humin nitrogen was 
o 031 per cent for the water extract and 0*074 per cent for 
the hydrochloric acid extract. 

Diamino Acid Nitrogen, — The combined filtrate and 
washings from the humm precipitate were neutralised with 
hydrochloric acid, concentrated in vacuo to a volume ot 
about 100 cc., and then transferred to a 300 cc. Eflen- 
meyer flask. To this solution were added iS cc. of con- 
centrated hydrochloric acid together with 15 grms. of 
purified phosphotungstic acid (Winterstein, Zeit . Phys. 
Cheat,, 1901, xxxlv., 153) and the whole diluted with water 
to a volume of 200 cc. The flask was placed on a steam- 
bath and heated until the phosphotungstates were almost 
re-dissolved, when it was set aside for forty-eight hours in 
order to allow them to re-crystallise and fully precipitate. 
The precipitate was then filtered, washed, and dissolved 
in 45 per cent sodium hydroxide as described by Van 
Slyke. The phosphotungstic acid was precipitated with 
barium chloride and filtered off. The filtrate and washings 
from this precipitate were concentrated in vacuo and made 
up to a volume of 200 cc. 

Arginine Nitrogen. — Arginine nitrogen was determined 
in 100 cc. of this solution by boiling with 12*5 grms. ot 
solid potassium hydroxide for six hours and collecting the 
ammonia formed in 0*1 N sulphuric acid. Under these 
conditions one-half of the nitrogen in the arginine and 18 
per cent of the nitrogen of cystine is split off as ammonia. 

Total Nitrogen in the Diamino Acid Solution. — Total 
nitrogen in the diamino acid solution was found by sub- 
jecting the solution remaining after the arginine deter- 
mination to Kjeldahl analysis and adding to the ammonia 
so obtained the amount obtained from the arginine nitro- 
gen determination. 

Amino Nitrogen.— Amino nitrogen was determined by 
means of the Van Slyke apparatus. (For the description 
of this apparatus and the details of the procedure em- 
ployed, see Van Slyke, Journ . Biol. Client 1912, xii., 
375 )« 

From these three figures the nitrogen was calculated as 
arginine N, histidine N, and lysine N according to the 
two formulae— 

!• Histidine N = 1*667 non-amino N - 1*125 arginine N ; 

2. Lysine N« total N- (arginine N f histidine N). 

The results obtained were as follows For the water 
extract arginine o*m per cent, histidine nitrogen 0*117 
per cent, and lysine nitrogen 0*081 per cent ; for the hy- 
drochloric acid extract they were 0*104* 0*070, and 0*117 
per cent respectively. 

Total Nitrogen of the Mottoamino Acids . — To the com- 
bined filtrate and washings from the phosphotungstic acid 
precipitate 45 per cent caustic soda was added until the 
solution became turbid by the precipitation of lime ; acetic 
acid was then added until the solution cleared. This solu- 
tion was placed in a 500 cc. flask and made up to the 
mark. Total nitrogen was estimated in 100 cc. portions, 
using the Kjeldahl method* 

Amino Nitrogen. — Amino nitrogen in the form of mono- 
amino acids was determined by use of the Van Slyke 
apparatus. 

From the two figures obtained the amount of nitrogen 
present as non amino nitrogen in monoamino acids was 
found by difference. The amino nitrogen in the form of 
monoamino acids in the water extract was 0 543 per cent 
and in the hydrochloric acid extract 0*546 per cent. The 
non-amino nitrogen in the monoamino acid fraction of the 
water extract was 0*1x4 per cent and in the hydrochloric 
acid extract it was 0*133 per cent. 

Van Slyke has shown that certain corrections must be 
applied in the method, owing to the fact that the phos- 
photungstates of the diamino acids are slightly soluble, 
and these corrections have been applied just as though the 
fractions contained only the hydrolysis products of pure 
proteins. In Table V the combined results of the analyses 
are given. 


The above analytical procedure, which separates the 
nitrogen into different groups, gives results that can only 
be rigidly interpreted when the products of the acid hy- 
drolysis are known. The results of the analysis of base 
goods by this method can only be clearly understood when 
further facts regarding the compounds, in which the 
nitrogen is contained, are discovered. A description of 
the methods used in isolating and identifying certain of 
these compounds follows. 

(To be continued). 


THE PERMANGANATE DETERMINATION 
OF IRON IN THE PRESENCE OF CHLORIDES.* 

By O. L. BARNEBEY. 

(Concluded from p. 14 r), 

Theoretical . 

A number of explanations have been offered to explain 
the function of manganese salts in the iron titration with 
permanganate. Voihard (35) explains the action by 
| assuming the formation of tetravalent manganese (Mn 0 2 ), 
which then oxidises the ferrous iron more rapidly then it 
does hydrochloric acid. Wagner {49) assumes the inter- 
mediate formation of FeCl 2 .2HCl in the absence of man- 
ganese sulphate, which oxidises very rapidly, consuming 
more permanganate than is required for ferrous iron. 
Zimmerman (5) suggested that, in absence of manganese 
salts, the iron is converted into a peroxide whicn Is 
unstable, and at once forms ferric iron and oxygen, the 
latter acting upon the hydrochloric acid. Manchot (60) 
explains the action by assuming the formation of “ primary 
oxides ” of the peroxide nature, but which tend to revert 
immediately to oxides of a lower state of oxidation. 
According to this theory oxidation caused by oxygen forms 
Fe 0 2 ; by permanganate, chromic acid, hydrogen peroxide, 
&c., Fe 2 05, and with bypochlorous acid, FeO*. Hence 
the reaction is assumed to go somewhat as follows : — 
Oxygen forms Fe 0 2 , FeO a oxidises FeO to Fe 2 0 3 , Mn 2 0 y 
oxidises FeO to Fe 2 05 with tile formation of MnO a , the 
MnO a then oxidises FeO to Fe a 0 3 . If the hydrochloric 
acid is too strong then the Fe a 0 5 reacts with the HC 1 
liberating chlorine. Birch (23) suggests the formation of 
MnCl 3 , which in turn has a greater tendency to oxidise 
ferrous iron than hydrochloric acid. This last assumption 
seems to warrant a more general consideration than has 
been accorded to it. While hydrated manganese peroxide 
can be assumed to exist for a brief space of time in the 
hydrosol condition, yet MnC^ has not been definitely 
proven to exist in such a solution. The same argument 
can be applied to a theory requiring assumptions of FeO a , 
Fe 0 3 , and FeaOj. 

Pickering (36) has shown that when manganese dioxide 
is treated with hydrochloric acid manganese sesquichloride 
results. A number of other authors have studied the 
formation of tri valent manganese in solution, especially 
sulphuric, hydrochloric, hydrofluoric, and p h osphoric acids, 
and alkaline cyanides, a number of trivalent salts and 
double salts being separated from such solutions. (See 
references under heading, “ Theoretical ”). Meyer (59) 
has recently pointed out the definiteness of these com- 
pounds in acid solutions, and also shows that even when 
potassium manganicyanide hydrolyses a trivalent mangani- 
hydroxide results. Scbilow (6x) has explained the reaction 
of potassium permanganate with oxalic acid on the basis 
of the intermediate formation of trivalent manganese. 
Skrabal (16) outlines the oxalic acid oxidation, and also 
that of manganese in alkaline solution through the forma- 
tion of manganese of the valence of three. Muller and 
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Koppe (64) point out an error in the titration of man 
ganese by the permanganate method in the presence of 
' fluorides due to the formation of MnF 3 and aKF.Mt. 1 ^. 

When potassium permanganate is added to a man- 
ganese solution containing an excess of phosphoric acid a 
deep red to violet coloration is obtained ; when added to a 
manganese solution with hydrochloric acid in excess a 
greenish brown to black solution results ; when added to 
a manganese sulphate solution in the presence of an 
excess of sulphuric acid a deep red to purple colour is 
imparted to the solution. Solutions of this nature contain 
manganese sesquisalts. The possibility of tetravalent 
manganese being present at ordinary temperatures in 
significant quantity is apparently quite remote. While 
very small amounts may be present, practically all 
attempts to prepare salts in which manganese has the 
valence of four from such solutions have been negative— 
only trivalent salts crystallising from them. More con- 
firmation seems to be necessary to establish the existence 
of tetravalent manganese in even small quantity in these 
acid solutions. However, if tetravalent manganese is 
present the mechanism of the reaction to be later described 
would partially be explained through medium of its 
formation, and the fundamental idea of prevention of the 
chlorine or hypochlorous acid formation remains the 
same* 

In the presence of hydrochloric acid these manganese 
sesquisalt solutions have a tendency to preserve the 
oxidation value of the solution ; in other words, prevent 
the rapid loss of chlorine or hypochlorous acid. This 
pre servation can be shown in open beakers qualitatively 
in a striking manner by adding 10 cc. of 0*1 N 
permanganate to 50 cc. of 50 per cent manganese 
sulphate solution containing 10 cc. of concentrated 
hydrochloric acid, and to 50 cc. of water containing a 
like volume of the acid. In a moderately short time the 
second solution loses its chlorine in sufficient quantity to 
become much lighter in colour than the first, and in a few 
hours becomes completely colourless, but the solution 
containing the manganese maintains its colour for weeks. 
Two such solutions in duplicate were prepared August 15 
at g A m. Both gave a decided odour of chlorine. At 
9 a.m. the following day the two solutions containing the 
manganese were still brownish black, but the two without 
the manganese were practically colourless. On September 5 
the two containing the manganese were light brown, and 
on November 18 the colour still persisted, and a few cc. 
of the solntion gave an evolution of iodine when potassium 
iodide was added. Water was added from time to time to 
replace what was lost by evaporation* 

In the titration of iron in hydrochloric acid solution it 
has been shown that manganous and cerous salts used in 
moderare amounts, and certain acid^ phosphate and 
sodinra sulphate solutions, prevent the loss of chlorine or 
hypochlorous acid during titration, and enable correct 
results to be obtained in the presence of hydrochloric acid. 
Evidently the reactions of these preventives involve two 
different types of effects. One effect is transposition from 
chloride to salts of another acid by the mass action of the 
preventive. The other eflect is the formation of an inter- 
mediate compound or compounds which have the capacity 
to oxidise the ferrous iron, preventing the loss of chlorine. 
In a preventive one or the other effect may be in pre- 
dominance. In the case of sodium sulphate the first effect 
is the larger, but some manganese is in solution due to 
the products of reaction, and must exert some influence. 
In tne case of manganese sulphate and sulphuric acid we 
have both effects with the second the larger, a mixture of 
sesquichloride and sulphate being produced as inter- 
mediate products. When manganese sulphate, phos- 
phoric acid, and sulphuric acid are employed, the oppor- 
tunity for a larger number of sesquisalts to be formed is 
increased correspondingly with the same effect as that 
produced by the more simple mixtures. With man- 
ganese chloride as preventive, the intermediate sesqui- 
manggnese chloride gives the only eflect toward preven- 


tion. In these cases the reactions may be represented by 
the following equations 

1. (In part),— 

2KMn0 4 + loFeCU i i6HCl=» 

-2KCI + aMnCb+xoFtClj { 8 H 2 0 . 

2. (In part),— 

2KMnO|t8FeCI a +i6HCl- 

= 2KCI + Mn 2 C»6 + 8FeCl 3 + 8H a O. 
3 MdjCIg 2MnCl2 + Cl 2 . 

4. Cl 2 + FeCI 2 -- FeCl 3 (slow). 

5. Mn 2 CIc + 2FeCl 2 ■* 2FeCl- + 2MnCl 2 (more rapid 

than 4). 

The permanganate oxidises a considerable portion of 
the iron according to Equation (1). However, some 
Mn 2 Clo is formed, Equation (2). This sesquichloride is 
unstable, and has a tendency to decompose, liberating 
chlorine (3). The smaller the amount of manganese 
present the more rapid is this decomposition ; the larger 
the amount of manganese the greater the tendency to 
retard the evolution of chlorine. The chlorine oxidises 
the ferrous iron slowly (4). Manganese sesquichloride 
oxidises ferrous iron much more rapidly than does free 
chlorine (5). Hence, if the reaction represented by 
Equation 3 is forced to proceed toward the left by the 
addition of manganese chloride, preserving the initial 
character of the Mn 2 C?6, the loss of oxidation effect due 
to chlorine evolution may be prevented, and the final 
reaction follows the theoretical value (z). 

When the Reinhardt-Zimmerman, Mixer-Du Bois, or 
other solution of similar nature is employed the first list 
of reactions takes place partially, but the larger portion of 
the reaction occurs through the medium of some other 
acid than hydrochloric — usually phosphoric or sulphuric. 
In case of sulphuric acid this portion of the reaction can 
be thus illustrated 

6. 2KMnO t + zoFeS 0 4 + 8 H 2 S 0 4 « 

=.K 2 S0 1 +5Fe a (S0 4 ) 3 + 2MnS0 4 + 8II 2 0. 

7. 2KMn0i+8FeSO 4 +8HaS0 4 « 

■* K 2 S0 4 +4Fe 2 (S0 4 l 3 + Mn 2 (S 0 4 ) 3 + 8 H 2 0 . 

8. M n 2 (S 0 4 ) 3 + 2FeS0 4 « aMnSOj + Fe 2 (S0 4 ) 3 . 

When cerium sulphate is used for the prevention : — 

o 1 Mna(S 0 4 ) 3 4 - 2Ce 2 (S0 4 ) 3 « 2 Ce(S 0 4 ) 2 + 2 MnS 0 4 . 

oa ‘ 1 2Ce(S0 4 ) 2 + 2FeSO j «* Fe 2 (SOj) 3 -f Ce2(S0 4 ) 3 . 

When phosphoric acid is used the reaction probably 
occurs through the medium of acid phosphates, involving 
corresponding change of valences. 

Analysis of Iron Ores with various Preventives . 

A number of iron ores were analysed using the solutions 
heretofore described (a) Sodium sulphate ; (b) potassium 
phosphate and phosphoric acid ; (c) sodium phosphate and 
phosphoric acid; (d) manganese sulphate and sulphuric 
acid ; (e) manganese sulphate, phosphoric and sulphuric 
acids, (/) cerium sulphate and sulphuric acid. The 
sample in each case was decomposed by heating with 
about 10 cc. of concentrated hydrochloric acid (sp. gr. 
z 20), and sufficient stannous chloride solution to almost 
reduce all of the iron. After complete solution of the iron 
the reduction was finished by adding stannous chloride 
drop by drop to the hot solution until one drop just made 
it colourless then one drop was added in excess. After 
dilution to about 500 cc., 10 cc. of mercuric chloride was 
added all at once with vigorous stirring. One of the 
preventives above noted was added, and the iron titrated. 
The results from four representative ores are listed in 
Table XV. 

Discussion of the End-point, 

The end-point in the titration of iron is more stable in 
sulphuric and phosphoric than in hydrochloric acid solu- 
tions. In the last named the pink tinge imparted to the 
solution, showing a slight excess of permanganate, fc more 
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fleeting. While the addition of the preventives enumerated 
allots a correct iron analysis to be made within the range 
of error expected of such an analysis, nevertheless, when 
the permanganate is added in excess, as at the end of the 
titration, a fading effect becomes more or less marked. 
On this account an analyst accustomed to the iron titration 
in hydrochloric acid solution calls the first slight tinge of 
colour permeating the entire solution the end-point. The 
tinge is much lighter than the tint in sulphuric or phos- 
phoric acid solutions free from hydrochloric acid. This 
difference is at least partially due to the difference in colour 
of the sesquichloride and sulphate and phosphate solu- 
tions. This variance in stability may account lor some of 
the conflicting analyses heretofore published. 

Table XV. 


Series XV. — Analyses of Iron Ores with various 
Preventives. 

Preventive. 


Ore 

Sample 

Weight 

_ — . 

s — ^ 

Fe 

No. 

No. 

of sample. 

Kind 

Volume. 

found. 



Orm. 


Cc. 

Per cent. 

20 

X 

0*5000 

a 

200 

6591 

20 

•I 

0*5000 

b 

30 

65 96 

20, 

I 

0*5000 

c 

30 

65-96 

20 

X 

0*5000 

d 

15 

65-91 

20 

2 

0*5000 

d 

15 

66 07 

20 

I 

0*5000 

e 

15 

66 07 

20 

2 

0*5000 

e 

15 

65*96 

20 

I 

0*5000 

f 

25 

65*96 

20 

2 

0*5000 

1 

25 

65*98 

21 

I 

0*4000 

a 

200 

57'44 

22 

X 

0*4000 

b 

25 

57*44 

22 

2 

0*4000 

b 

25 

57*50 

22 

X 

0*4000 

e 

25 

57 * 4 i 

21 

1 

0*4000 

/ 

30 

57*52 

26 

I 

0*7000 

a 

200 

35*60 

26 

2 

07000 

b 

30 

3571 

26 

X 

0 7000 

c 

30 

35*^4 

26 

X 

0*7000 

d 

20 

35*64 

26 

I 

0*7000 

e 

20 

35*04 

26 

I 

0*7000 

/ 

30 

36*68 

43 

2 

0*8000 

a 

200 

33*80 

43 

I 

o*8ooo 

h 

25 

33*77 

43 

2 

0 8000 

b 

25 

33*84 

43 

3 

0 8000 

b 

25 

33*84 

43 

X 

o*8ooo 

c 

30 

33*81 

43 

2 

0 8000 

c 

30 

33*86 

43 

X 

o*8ooo 

d 

20 

33*83 

43 

2 

0*8000 

d 

20 

33*94 

43 

X 

o*8ooo 

e 

20 

33*85 

43 

2 

0*8000 

e 

20 

33*79 

43 

I 

0*8000 

f 

20 

■ 33 87 


The end-point in the titration of ferrous to ferric sulphate 
in the presence of sulphuric acid and in the absence of 
hydrochloric acid is almost as clean cut in the ordinary 
iron analysis as in phosphoric acid solution. Analysts 
recognise this fact in the standardisation of permanganate 
against ferrous ammonium sulphate and metallic iron, in 
which case the end-point is much more clear than in the 
regular titration of iron ores in the presence of suspended 
calomel even when phosphoric acid is added* However, 
this much must be said, if phosphoric acid is added by an 
analyst to give what to his eye seems to be a clearer end- 
point in the analysis of the iron containing product, then 
the analyst who is having trouble with this colour change 
must, to be consistent, add phosphoric acid in standardisa- 
tion if he standardises the permanganate against an iron 
containing standard. 

One grm. of iron present as ferric sulphate with a little 
free sulphuric acid in a volume of 400 to 500 cc. gives a 
recognisable colour change with 0*04 cc. of tenth normal 
permanganate. Of course this coloration is not red or 
pink, but it is a distinct change of colour. Twice the above 
amount of permanganate gives a very decided coloration. 
These observations were naturally made against a white 


background. A moderate amount of experience with the 
iron titration allows a very sharp end-point with moderate 
amounts of iron (up to about 0*6 grm. metal) without the 
presence of a decolorising influence ; however, when a 
large amount of iron (over o*6 grm. metal) is to be titrated 
the addition of phosphoric acid is to be recommended, 
although, with care, larger amounts can be titrated with 
accuracy. With smaller amounts the addition of the 
phosphoric acid is optional with the analyst. Since 
ordinarily the amount of iron present in the solution being 
titrated is about 0*3 grm. or less it seems to the author 
that the use of a decoloriser is unnecessary. 

Summary, 

1. Correct results are obtained with a mixture of man- 
ganese sulphate, sulphuric acid, and phosphoric acid for 
the prevention of the action of hydrochloric acid on per- 
manganate. The use of phosphoric acid in the presence 
of considerable sulphuric acid in a volume of 400 to 600 cc. 
has very little tendency to decolorise the solution, inas- 
much as the sulphate solution is practically colourless, 
except when titrating large amounts of iron. Hence, the 
elimination or use of phosphoric acid with the sulphuric 
acid and manganese sulphate is largely a matter of indivi- 
dual preference rather than a fundamental difference in 
the analysis. 

2. When a titration runs too high, the amount of 
variance from the true value is dependent on the amount of 
mercurous chloride present in suspension as well as on the 
concentration of hydrochloric acid. 

3. Certain neutral sulphates and acid phosphate mix- 
cures react with hydrochloric acid, and prevent the latter 
from causing high results in the iron titration. The acid 
phosphate solutions are especially serviceable. 

4. Cerous sulphate shows the same deportment in the 
titrating solution as manganese sulphate. 

5. Sodium sulphate, acid phosphate mixtures, man- 
ganese sulphate with sulphuric acid, manganese sulphate 
with phosphoric acid, or with both acids, can be applied 
to iron ore analyses. The use of cerous sulphate, while 
effective, is as yet prohibited on account of the present 
cost of the chemical. 

6. The prevention of the various reagents studied may 
be considered of two types : — (r) Conversion to salts of 
other acids than hydrochloric by the mass action of the 
preventer, and (2) the formation of intermediate com- 
pounds, which in turn oxidise ferrous to ferric iron with or 
without the first type being effective at the same time. 
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THE SEPARATION OF THE ILLUMINANTS IN 
MIXED COAL AND WATER GAS.* 

I3i G A ttUURKI L and 1 \\ . ROBERTSON 


Introduction. 

In this paper are shown experiments made by the Bureau 
of Mines that resulted in separating the illuminants in the 
artificial gas of Pittsburgh. This gas is made by mixing 
one part of carburttted water gas with three parts of coal 
gas. The separation was made by fractionally distilling 
the gas in a vacuum at low temperatures, and follows the 
method detailed by the Bureau in separating natural 
gases (G. A. Buireil and F. M. Seibert, “Gas Analysis by 
Fractional Distillation at Low Temperatures,” youtu. 
Amer. Chem . Soc , xxxvi., No. 7, July, 1911, 1538-1518). 

Tawj T. 

Ptm I . — DistilLtfts 

Roiling point f-C ) 

Temperature of Liquid Air. 

Methane, CHj ~if>o 

Nitrogen, N 2 - 195 

Oxygen, 0 2 -183 

Carbon monoxide, CO .. .. -193 

Hydrcgen, H 2 -253 

-I55 n C. to -i 45 ° C. 

Ethylene, C 2 H, -103 

Ethane, C 2 H6 —93 

- 130" C. to - 120 C. 

Propane, C**Hs - 4 « 

Propylene, C ,H<s -51 

-78 C. 

N-butane, C4HH, 1 

Iso-butane, C*H, n . . .. 

Iso butylene, C,Hs 


Part II. — Residues. 

Temperature of Liquid Air. 

Ethane, C 2 Ife 

Propane, C-Hs 

N-butane, C4H1,, 

Iso-butane, C 4 Hn 

Ethylene, C 2 H 4 

Propylene, C ,Hr, 

Iso butylene, C 4 Hs 

Benzene, CuHe 


-93 
“ 15 
1 

- TO 

" ro 3 

- 51 

- -I (n) 
80 


- 155 C. to 
Propane, C 3 Hs 
• N butane, C^H ro . * 
Iso butane, C4H10 » . 
Propylene, C3H6 . . 
Iso-butylene, C 3 Hs. . 
Benzene, CcHb 


- 130° C. to 
N-butane, C4H11, .. 
Iso-butane, C ( H„, . . 
Iso-butylene, CjFL. . 
Benzene, C<>Ho 


C. 


Benzene, CcHe 


-7*> r C. 


(a) The boiling-point of N-butylene could not be found 
in the literature. The N-butylene was not 
separated from the isc-butylene. Neither was the 
N-butane separated from the isobutane. 

* Presented at the meeting of the American Gas Institute, October 
23 , iqi I, New Ti 01k Uty, vuth the permiss on of the Director nt the 
U Durban of Mines. 
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APPARATUS FOR THE UQUCfACTlON £ FRACTIONATION OF GASES 


In both the natural gas work and coal gas work advan- 
tage was taken of the work on the subject by P. Lebeau 
and A. Damiens (Oomptes Rendus > 1913, clvi , 325, 797), 
who separated mixtures of the paraffin hydrocarbons and 
coal gas by the same method. The Bureau, however, 
separated the paraffin hydrocarbons into single constitu 
enfcs, and found it necessary to refractionate distillates 
and residues in all cases to obtain pure gases. Lebeau 
and Damiens make no mention of this latter necessity, 
and separated the paraffins in pairs. Further there is 
shown m this paper a simple method for the determination 
of benzene in artificial gas. The principle of the pioce 
dure rests on the fact that the gases at different stagts in 
the analysis are subjected to temperatures at which certain 
constituents can be removed by a mercury pump from cer 
tain others which have low vapour tensions at the tempera- 
tures selected. It was found impossible to make a clean 
separation in any case at one frac iDnation, hence distil- 
lates and residues were refractionaied until the separation 
was as complete as was desired. 

Table I. shows the constituents in artificial gas that can 
be separated at different tempeiatures. The first part 
shows the distillates that can be obtained at a particular 
temperature and the second part the residues — those 
gases that have appreciable vapour pressures at the 
tempera ures given. 


Tai.lt II .—Composition of the Artificial Gas of Pittsburgh 
as Analysed by Ordinary Methods . 

(Analysts made .September 1, 1914). 


Constituents Per cent. 

Carbon dioxide, CO2 z6\ 

Oxygen, 0 2 o*8r 

Illuminants 8 67 

Carbon monoxide, CO .. .. .. 13*34 

Hydrogen, H 2 37*04 

Methane, CH 4 30 96 

Ethane, C2H0 1*82 

Nitrogen, N 2 4 72 

Total . . . . too 00 


In mak.ng the analysis (Table II.) the carbon dioxide was 
removed by the caustic-potash solution, the oxygen by 
alkaline pyrogallate solution, the illuminants by fuming 
sulphuric acid, the hjdrogen by absorption in colloidal- 
palladium solution, the methane and ethane by slow com- 
bustion, and the nitrogen by difference (see G. A. Burrell 
and G G. Oberfell, “The Absorption of Hydrogen by 
Colloidal-Palladium Solution,” Journ. Itul , Eng . Chm 
vi., No. 8, November, 1914. 

The above gas was next subjected to fractional distilla- 
tion at various low temperatures in the apparatus shown 
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at Fig. 1 (apparatus for the liquefaction and fractionation 
of gases). At a is shown a Dewar flask to hold the 
refrigerant used in cooling the gases ; b is the bulb in 
which the gases were cooled \ d is a gas-analysis burette, 
and c another gas container for measuring the gases prior 
to cooling ; e is a pressure guage for registering pressures in 
the Topler pump ; / is a drying tube containing phos- 
phorus pentoxide for removing the water vapour from the 
gases ; g, h, and i are containers for trapping the gases 
over mercury as they were removed from the pump ; h and 
i are provided with 3-way stopcocks. The particular 
advantage of containers such as are shown at h and i lies 
in the fact that they could be filled with mercury by 
forcing down on them with the stopcock open to the air, 
finally filling the capillary tubes with mercury. The gas 
from the pump could then be introduced into them by 
means of the goose-neck tube attached to /, leaving a 
mercury seal in the capillary tube all the time. / is a 
pressure guage, which was of principal use in the benzene 
determination ; o, w, and m are 3 -way stopcocks. A 
counterpoise (p) attached to the mercury reservoir of the 
Topler pump greatly facilitated the working of the pump. 

First Series of Fractionations . 

At Fig* 2 are shown the various steps in the main 
separation of the gas. 

-The original volume of sample (2048 cc.) was first freed 
of the carbon dioxide by passing it through caustic-potash 
solution ; 53 cc. of carbon dioxide was removed, leaving 
1093 cc. The latter quantity of gas was then cooled in 
the bulb b (Fig. 1) (about 300 cc. at a time), at the tem- 
perature of liquid air. After the introduction of each 
300 cc. pumping was started, and as much of the gas 
removed as possible. There resulted a distillate (a) and a 
residue (6). The distillate (a) was fractionated at the 
temperature of liquid air, resulting in two more fractions 
(c) and (<f) ; (d) was added to the residue { b ) and the total 
again fractionated at the temperature of liquid air. The 
distillate (/} thus obtained was added to the distillate {c) 
and the total again fractionated at the temperature oi 
liquid air. The residue thus obtained (10 cc.) was added 
to the residue (*) and the total again fractionated. There 
resulted a distillate (?) of 3 cc., which was added to the 
distillate (t), making a total of 1782 cc. This first series 
of fractionations shows the general procedure. At the 
temperature adopted, in this case the temperature of 
liquid air, the gases were repeatedly fractionated until 
no more distillate of consequence could be obtained ; 
3 cc., the final distillate obtained, is only about 0-15 per 
cent of the original quantity of gas (2048 cc.) taken for 
the experiment. The total distillate obtained at the tem- 
perature of liquid air was 1782 cc., and consisted of those 
gases that have an appreciable vapour tension at that 
temperature. This fraction consisted of o‘8x per cent of 
oxygen, 13*25 per cent of carbon monoxide, 37*33 per cent 
of hydrogen, 31*13 per cent of methane, and 4*23 per cent 
of nitrogen. It will be observed that the quantities of 
these constituents check very well with the quantities of 
the same constituents found in the original ordinary 
analysis of the coal gas. The residue of the first series of 
fractionations (191*6 cc.) should consist of those gases 
and vapours that do not have an appreciable vapour 
pressure at the temperature of liquid air : they are : — 
C 2 H<>, C3H8, C4H10, C2H4, C3H5, and CgHf,. In 
other words, the so-called illuminants of coal gas, with the 
addition of ethane and probably propane. 

Second Series of Fractionations, 

The residue ( h ) (191*6 cc.) was next cooled at tempera- 
tures ranging from — 155 0 C. to -I45°C., and as much 
gas removed as possible with the mercury pump. Dis- 
tillates and residues were repeatedly fractionated until 
there was obtained 167*0 cc. of gas consisting of ethane 
and ethylene. This fraction was analysed in two ways, 
first by burning the entire fraction with oxygen, and (2) 


by first removing the ethylene with fuming sulphuric acid 
and then burning the ethane in oxygen. The data 
covering these two methods of analysis is gives in 
Table III. 

Table III.— Analysis 0} Ethane and Ethylene. 

Analysis by Combustion . 


Cc, Per cent. 

Sample taken 15*12 

Oxygen added . . . . 94*42 

Total volume 109*54 

Volume after burning 78*00 

Contraction produced 31*54 

Volume after KOH absorption . . . . 48*27 

Carbon dioxide produced 29 73 

Ethane ‘ 23*90 

Ethylene . . 74*40 

Analysis by absorption and Combustion . 

Sample taken 34*18 

After absorption in fuming H 2 S 0 4 . . 8*85 

Absorbed by fuming H 2 S 0 4 . . . . 25*33 

Oxygen added 76 28 

Total volume for combustion .. .. 85*13 

Volume after burning 64*95 

Contraction .. .. 20*18 

Volume after KOH absorption . . . . 49 02 

Carbon dioxide produced by burning , 15*93 

Ethane . . .. 23-3 

Ethylene 74*1 


It will be observed that the ethane and ethylene as 
found by the two methods of analysis check very well, 
showing that other gases were not present in the distillate 
in significant amounts. The percentages as found above 
were averaged and calculated to percentages of the 
original coal-gas. 

Third Series of Fractionations. 

After the removal of the ethane and ethylene there 
remained 24*4 cc. of gas, which was fractionated at tem- 
peratures ranging from - 130° C. to - 120° C. The dis- 
tillate, 2i*i cc., was analysed by burning it in oxygen, 
and measuring the resulting contraction and carbon 
dioxide, and calculating to propane and propylene. This 
method does not isolate the gases, and hence does not 
show that other gases than these two were not present In 
working on (he separation of the paraffin hydrocarbon!, 
however, the Bureau found that propane could be separated 
from ethane at temperatures between -130° C. and 
-120 0 C. Propylene has a boiling-pomt very close to 
propane, and the boiling-point of ethylene is not far dif- 
ferent from that of ethane; hence, it is assumed that 
propylene and ethylene would respond to the same treat- 
ment as the propane and ethane. 

(To be continued). 

ON IRON CASTING. 

By SERGrUS KERN, M.E., PetrOgrad. 

In addition to my article in the Chemical News (cxi., 3), 
I want to state that the product obtained is in no case the 
so-called semi-steel, but close grained cast-iron, where the 
psrcentage of metallic iron is increased by the addition to 
the cupola charge of wrought iron or steel scrap up to no 
more than 15 per cent. 

By acting so the percentage of free crystalline graphite 
in the iron is reduced to nearly nought, giving close 
grained iron castings, as this graphite is absorbed by the 
free iron introduced, and transformed into amorphous 
graphite. 
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I started always in the foundry I directed by test- 
melting of new brands of iron in crucibles, by mixing 
them, firstly, with 5 per cent of iron or steel scrap, next 
with 7*5 per cent, and so on. When good mechanical 
tensile tests were here obtained in the cupola charge, the 
iron or steel scrap was increased by 2*5 to 5 per cent in 
comparison with the same charge for crucible tests. 

Once I had the following pig iron from South Russia : — 


Per tent. 

Graphite 2*20 

Combined carbon . • 0*80 

Silicon (average) .. „ i-$o 

Manganese 0*80 

Phosphorus 0*30 

Sulphur o’oy 


It gave good results when melted alone with 5 per cent 
of Bteel scrap m the crucible; 1 added 10 the cupola 
charge an extra 2*5 per cent of steel scrap, and obtained 
very decent results 10*5 to 11*5 tons per square inch in 
tensile strength, and 1*3 to 1-4 tons in the fracture tests. 


ON THE PREPARATION AND HYDROLYSIS OF 
ETHYL HYDRACRYLATE.* 

By \V, A. DRUSHEL. 

Hydracrylic acid is a well-known substance, and has 
been prepared by several methods ; its esters, however, 
have received but little attention. In Beilstein’s 
•* Handbuch ” the ethyl ester alone is mentioned in con- 
nection with Klimenko's attempt to prepare paracrylic 
acid. Only three references are given to the ethyl ester in 
Richter's “ Lexikon,” and of these but one deals with the 
direct preparation of the ester. Apparently in no former 
investigation has hydracrylic ester been prepared by the 
esterification of hydracrylic acid, nor was the ester ob- 
tained in pure condition by any of the methods described 
in the literature. It seemed desirable, therefore, to pre- 
pare if possible hydracrylic ester by the direct esterification 
of hydracrylic acid in order to obtain the ester m pure 
condition for the purpose of determining its properties and 
supplying additional hydrolysis data for the series of esters 
studied in thiB laboratory. 

Preparation of the Ester, 

(a) Method of Klimenko (Jotirn, Russ . Chem. Soc 
xxvi., 412). — Klimenko obtained what he called paracrylic 
acid by repeatedly evaporating hydracrylic acid with con- 
centrated hydrochloric acid. He then heated 3 grins, ot 
this acid with an excess of absolute alcohol at 150°, and 
obtained an ester which boiled at 185° to igo n , and which 
he believed to be ethyl hydracrylate. Ethyl hydracrylate, 
however, decomposes below 185' when heated at ordinary 
pressure. In attempting to repeat Klimenko's work the 
author was unable to prepare the so-called paracrylic acid 
by the method described. Baeyer ( Ber ., xviii., 680) did 
not believe that Klimenko had succeeded in preparing 
paracrylic acid (03^02)2* but rather that Klimenko's acid 
was an unsaturated dibasic acid of the formula C<sHaQ 4 . 
If Baeyei's observation was correct Klimenko's ester could 
not have been hydracrylic ester. 

(h) Method of Curtins and Muller ( Ber. t xix., 850; 
xxxvii., 1276). — These investigators obtained impure ethyl 
hydracrylate by converting p-chlorproptonic ester into 
j3-aminopropionic ester hydrochloride and treating this 
with nitrous acid. The ester contained a little chlor- 
propionic ester as an impurity, from which it could not be 
freed by fractionation. The crude ester which they ob- 
tained boiled at 8o° to 84° at 12 mm. pressure oral 170° to 


i?5 n under ordinary pressure. The method is obviously 
not suitable for the preparation of the ester in sufficiently 
pure condition to study its properties and rate of bydre- 
I) sis. 

(c) Method of Blaise and Moire [Comp t*s Rendus. cxlii., 
215). — Blaise and Make passed into glacial acetic acid at 
o° the formaldehyde vapour obtained by the depolymer- 
isation of trioxymethylene. The saturated acetic acid 
solution was then allowed to warm up slowly, resulting in 
a polymer of formaldehyde less complex than trioxy- 
methylene. This polymer was condensed with bromacetic 
ester in the presence of zinc in a mixture of equal parts 
of absolute alcohol and ethyl acetate. They obtained a 
40 per cent yield of ethyl hydracrylate whose boiling-point 
was given as 8x° at 13 mm. pressure. It is to be observed 
that this boiling-point is about the same as that given 
for Curtius and Muller's admittedly impure ethyl hydra 
crylate. 

(d) Direct Esterification Method , — In view of the insta 
bility of / 3 -oxy acids on heating in the presence of minera 
acids, and of the work of Bogojawlensky and Narbut 
(Ber., xxxviii., 3344) on the use of anhydrous copper sul- 
phate to facilitate esterification in the presence of acid 
cataly&ers, and the more recent work of Clemenson and 
Heitman (Am, Chem, yourn., xl., 319) on the use of 
anhydrous copper sulphate in the esterification of certain 
oxyacids in the absence of any catalysing acid, it seemed 
reasonable to expect this procedure to be applicable for 
the preparation of pure ethyl hydracrylate. The work of 
preparing ethyl hydracrylate resolved itself into two 
parts— (1) the preparation of a sufficiently large amount of 
pure hydracrylic acid, and (2), the esterification of the 
acid, 

1. The Preparation of Hydracrylic Acid .— Of the several 
methods described for the preparation of hydracrylic acid 
the method using glycerin as a starting-out material, with 
certain modifications, was found to be the most expedient 
for preparing the pure acid in considerable quantity. The 
modifications of former methods, which will be pointed 
out, resulted in increasing the yield and purity of the 
hydracrylic acid. 

A kilo, of glycerin was mixed with a litre of water and 
oxidised in 200 cc. portions by fuming nitric acid in tubes 
about 20 mm. in internal diameter kept cold by running 
water, according to the procedure outlined by Mulder 
(Ber., ix., 1902). After the oxidation was complete the 
liquid was concentrated in 400 cc. portions on the steam 
bath to remove any dissolved nitrous acid. On cooling 
some oxalic acid crystallised out. The filtrates from the 
several 400 cc. portions were combined and treated with a 
little more than enough calcium carbonate to precipitate 
out the dissolved oxalic acid as calcium oxalate, which was 
removed by filtration. The filtrate was diluted with water 
to 3 litres and heated to about 8o°. The hot solution was 
neutralised with calcium carbonate, making use of 
mechanical stirring to facilitate the solution of the car- 
bonate. The solution was allowed to stand over night 
for the main portion of the calcium glycerate to crystallise 
out. This first crop of calcium glycerate after washing 
with a little cold water was sufficiently pure for further 
use. The mother liquor, after making famtly ac*d to pre- 
vent daikening on heating, was concentrated on the steam 
bath and set aside to crystallise. After re-crystallising 
this second crop of calcium glycerate it was sufficiently 
pure, and was added to the first crop. The calcium 
glycerate so prepared was dissolved in hot water and 
treated with the theoretical amount of dissolved oxalic 
acid, the ealcium oxalate was filtered oft, and the filtrate 
concentrated on the steam bath to a specific gravity of 
1*26, containing about 61 per cent, of glyceric acid. This 
is the most . favourable concentration for converting 
glyceric acid into & iodopropionic acid by the action ox 
phosphorus iodide. 

For the preparation of ^-iodopropionic acid a modifica- 
tion was introduced into the method of Wislicenus 
(Ber., viii., 1207) and Erlenmeyer (Ann. Chm* Pharm u 
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cxci., 284), making use of solid yellow phosphorus instead 
of the carbon disulphide solution, whereby at last 90 per 
cent of lae glyceric acid was co iverted into the iodopro- 
pionic acid. One hundred grms. of iodine were placed 
into a 750 cc. round-bottom flask and covered with 100 
grms. of 61 per cent aqueous glyceric acid. Then 
15 grms. of yellow phosphorus were added during the 
course of five minutes in pieces of about 1 grm. each, 
shaking the flask after the addition of each piece and cool- 
ing the flask by immersing it in a cold-water bath from 
time to time. The flask was next connected with a con- 
denser tube to serve as a reflux condenser, and the mixture 
cautiously warmed on a water-bath to start the reaction of 
the phosphorus iodide with the glyceric acid. The 
reaction soon tends to become violent with the loss of 
large quantities of hydriodic acid. In order to prevent 
the loss of hydriodic acid as far as possible, the 
reaction was moderated by immersing the flask in cold 
water for a few minutes from time to time. After the first 
vigorous reaction was over the mixture was heated on the 
boiling water-bath for half an hour, poured into a 
beaker, covered with a watch-glass and set aside over 
night to crystallise. The crystals of pure / 3 -iodopropionic 
acid were then filtered of! with suction, washed with a 
little cold water, the filtrate boiled for an hour with a 
reflux condenser, and again set aside to allow more 
jS-iodopropionic acid to crystallise out. The two crops of 
crystals were combined and re-crystallised from a little hot 
water, yielding white pearly plates of pure fl-iodopropionic 
acid. 

To prepare the sodium salt of hydracrylic acid a modifi- 
cation was introduced into the method of Wislicenus (Ann. 
Ghent . Phartn clxvi., 10) for the conversion of g-iodopro- 
pionic acid into hydracrylic acid by the action of freshly 
prepared silver oxide. Sokolow (Ibid u cl., 167) observed 
that when a water solution of jS-iodopropionic acid is boiled 
with freshly prepared silver oxide the iodine is quickly 
fixed as silver iodide and that in solution are dihydracrylic 
acid, C6H10O5, and an isomer of this acid besides the 
hydracrylic acid sought. Moldenhauer (Ibid., clxvi., 10) 
also made the observation that considerable lactic acid is 
formed in this procedure. In order to avoid the formation 
of lactic acid and the acids identified by Sokolow, 
Wislicenus heated his solution below 100" while fixing the 
iodine by means of silver oxide. The silver which com- 
bined with the hydracrylic acid formed in the reaction he 
removed by means of hydrogen sulphide, neutralised the 
adds in solution with sodium carbonate, and evaporated 
to complete dryness. From the dry mixture of sodium 
salts Wislicenus extracted sodium hydracrylate with boil- 
ing gs per cent alcohol, leaving in the residue the sodium 
salts of Sokolow’s acids. 

It was found preferable to modify this procedure by 
neutralising the / 3 -iodopropionic acid with sodium car- 
bonate, and then removing the iodine by acting upon a 
concentrated solution of sodium £ iodopropioniate with a 
slight excess of freshly prepared silver oxide at room tem- 
perature, making use of mechanical stirring during the 
process of replacing the iodine by the OH group. To 
remove completely the iodine from the sodium salt of 
400 grms. of / 3 -iodopropionic acid by this procedure 
required about two hours, but the resulting sodium hydra- 
crylate was apparently free from the salts of the acids 
formed by the older methods and identified by Sokolow 
and others. After the complete fixation of the iodine as 
indicated by no further change in the colour of silver oxide 
when added to the solution, the precipitated silver iodide 
was filtered off and the filtrate evaporated to complete dry- 
ness over the steam bath. It is important that the sodium 
hydracrylate should be evaporated to complete dryness in 
order ta be able to purify the salt by crystallisation from 
95 per cent alcohol. The dried residue of sodium hydracry- 
late was dissolved in boiling 95 per cent alcohol and 
allowed to crystallise out on cooling. The residue of sodium 
salt was completely dissolved by the hot alcohol, indicating 
the absence of the sodium salts of Sokolow’s acids. The 


crystallised sodium hydracrylate was treated with a little 
le&s than the theoretical amount of dilute (1 : 3) sulphuric 
acid in the cold. The excess of water was then evapo- 
rated off on the steam bath, the hydracrylic acid was ex 
tracted from the residue of sodium sulphate with absolute 
alcohol, and the alcoholic solution of hydracrylic acid, free 
from sulphuric acid, was used in the esterification experi- 
mentb to be described. 

2. The Esterification of Hydracrylic Acid . — In the prepa- 
ration of one sample of hydracrylic acid a very slight 
excess of sulphuric acid was used in liberating the hydra- 
crylic acid. The hydracrylic acid, without purification 
from the trace of sulphuric acid, was esterified by boiling 
with a large excess of absolute alcohol for twelve hours 
without the addition of any catalysing acid. About two- 
thirds of the acid was esterified, but a relatively large 
proportion of the resulting ester proved to be acrylic ester. 
A second sample of hydracrylic acid free from sulphuric 
acid was esterified by boiling with a large excess of abso- 
lute alcohol in the presence of anhydrous copper sulphate 
prepared by the gentle ignition of crystallised copper sul- 
phate, but not freed from the traces of sulphuric acid 
formed in the process of dehydration. Here again the 
esterification proceeded rapidly until about 70 per cent of 
the acid was esterified, but as before the result was a mix- 
ture of acrylic and hydracrylic esters. It seemed, there- 
fore, necessary to avoid even very small amounts of 
mineral acids in the esterification of hydracrylic acid in 
order to prevent the formation of acrylic ester. 

Wislicenus (Amt. Chem . Pharm., clxiv., 181) suggested 
the use of the vapour from boiling absolute alcohol as an 
efficient dehydrating agent in esterification. The ineffi- 
ciency of absolute alcohol alone, as well as that of abso- 
lute alcohol vapour passed through the reaction mixture, 
and the superiority of anhydrous copper sulphate as a 
dehydrating agent are shown m the following experi- 
ment : — 32 grms. of hydracrylic acid free from sulphuric 
acid were first boiled, with a reflux condenser, with 
200 cc, of absolute alcohol for three hours, giving 9*4 per 
cent of the theoretical yield of ester ; at the end of six 
hours 1 7 per cent of the acid was esterified. Then the 
reaction flask was heated at uo° and absolute alcohol 
vapour passed through the reaction mass, giving at the 
end of two hours 40 per cent, of ester and after two hour6 
more only 42 per cent of ester. The current of absolute 
alcohol vapour was then discontinued and about 30 grms. 
of anhydrous copper sulphate, free from sulphuric acid, 
were added and the reaction mixture gently boiled, giving 
after three hours 74 per cent, of ester, and after three 
hours more 83 per cent of the acid was esterified. The 
ester formed was found to be hydracrylic ester free from 
acrylic ester. 

In another experiment 26*4 grms. of hydracrylic acid 
were gently boiled with 200 cc. of absolute alcohol in the 
presence of about 50 grms. of anhydrous copper sulphate 
freed from sulphuric acid by means of absolute alcohol. 
At the end of three hours 66 per cent of the acid was 
esterified, at the end of six hours 71*4 per cent, at the end 
of nine hours 83 per cent of the theoretical amount of 
ester was formed, and the boiling was discontinued. To 
remove the unesterified hydracrylic acid in this and in the 
previous experiment a little less than the theoretical 
amount of anhydrous sodium carbonate was added to the 
esterification mixture and the excess of alcohol was dis- 
tilled off on the water-bath. The hydracrylic ester was 
extracted from the residue with dry ether and the ether 
distilled off on a warm water-bath, finally heating the water- 
bath to boiling. From the two experiments 53 grms. of 
crude hydracrylic ester were obtained, which on fractiona- 
tion under diminished pressure yielded 43 grms. of ethyl 
hydracrylyte boiling at 95*50 to 96° at a pressure of 
20 mm. to 2 2 mm. The saponification equivalent 
of the ester so prepared was found to be 119, and 
the saponification equivalent calculated from the formula 
CHaOH.CHa.COOCaHg is 118, When the ester was 
dissolved in an equal volume of water and was treated 
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with phosphorus and iodine both 0 iodopropionic acid and 
0 iodopropionic ester were obtained. The ester at 20 J 
has a density of 1*059, and like lactic ester is soluble in 
water in all proportions. Taese properties weie considered 
sufficient to identify the ester as pure ethyl hydracrylate. 
The ester has a faint ethereal odour, much less pronounced 
than that of lactic ester. It is unusually stable in water 
solution, hydrolysing very slowly in the absence of a cata 
lysing acid or alkali. 

Hydrolysis of the Ester . — Two and a half cubic centi- 
metres of ethyl hydracrylate were dissolved in 250 cc. of 
decinormal hydrochloric acid and hydrolysed at 25 0 , 35 3 , 
and 45 J . The coarse of the reaction was followed by 
titrating 25 cc. portions of the mixture at intervals, as fully 
described in previous papers (Am* yourn.Sci., 1913, xxxv., 
486). The results of the velocity measurements are 
recorded in Table I. In Table II. are recorded summary 
results obtained partly simultaneously with the reaction 
velocity measurements of ethyl hydracrylate and taken 
partly from the results obtained by Dean (<4w. Journ. 
Sci ., 1913, xxxv., 486). A striking contrast appears 
between the effects of a-hydroxyl and 8- hydroxyl on the 
velocity of hydrolysis of the esters in acid solution. 
This retarding effect of the 0-hydroxyl on the hydro- 
lysis velocity of the ester was predicted by Dean (loc. 
cit.) for ethyl hydracrylate from his study of the hydrolysis 
of lactic ester, glyceric ester, and tne esters of the 
oxybutyric acids. From an examination of the velocity 
constants of ethyl propionate, ethyl lactate, ethyl hydra- 
crylate, and ethyl glycerate in Table II., it is obvious that 
the effects of a- and 0- hydroxyl groups on the hydrolysis 
velocity are independent of each other. By comparing 
the constants for ethyl propionate and ethyl lactate it is 
seen that a hydroxyl here produces a slight accelerating 
effect at 25 0 , which, however, falls off at the higher tem- 
peratures. The 0-hydroxyl produces a very marked 
retardation in the hydrolysis velocity, aB will be seen by 
comparing the constants for ethyl propionate and ethyl 
hydracrylate. This effect does not fall off materially at 
the higher temperatures, as is shown by the fact that the 
ratio of the constants of these two esters is very nearly 
the same at each temperature at which velocity measure- 
ments were made. The combined effect of a- and £- 
hydroxyl groups on the hydrolysis velocity is shown in the 
constants for ethyl glycerate. If the slight accelerating 
effect of a hydroxyl and the very marked retarding effect 
of 0-hydroxyl are both taken into account, we would expect 
the constants for ethyl glycerats to be but slightly larger 
than those of ethyl hydracrylate at 25 0 , the percentage of 
difference falling off slightly at the higher temperature. 
This expectation is fully borne out by the experimental 
results. At 25- the constants for ethyl glycerate is 13*5 
per cent larger than that of ethyl hydracrylate, at 35' J it is 
7*g per cent larger, and at t5 u the difference is but 2*5 
per cent. The velocity constants in Tables I. and II. 
were all calculated from the usual titration formula for 
first ord^r reactions. The temperature coefficient for 
ethyl hydracrylate is 2*46 for 25 to 35 0 and 2*44 for 35 0 
to 45°- 

Ethyl hydracrylate was also hydrolysed in N, So sodium 
hydroxide solution at o° and at 25°, and the course of the 
reaction followed by the titration method fully described in 
Dean's paper (Am. yonrn. Sci. t 1913, xxxv., 605) on the 
saponification of the esters of other oxyacids. These 
results are recorded in Table III., and are in accord with 
the results obtained for the esters of other oxyacids. 

Summary .~~x. Hydracrylic acid may be conveniently 
prepared from glycerin by introducing the following modi- 
fications into the older methods; oxidation oi glycerin 
by fuming nitric acid, and formation of the calcium salt 
instead of the lead salt ; liberation of the glyceric acid by 
means of oxalic acid, and conversion into 0-iodopropionic 
acid with iodine and solid yellow phosphorus instead of a 
carbon disulphide solution of phosphorus ; neutralisation 
of the 0 iodopropionic acid with sodium carbonate before 
removal of the iodine by the action of silver oxide ; substi- 


tution of hydroxyl for iodine in 0-iodopropronic acid by 
acting on a concentrated solution of the sodium salt in the 
cold with silver oxide, using mechanical stirring, instead 
of treating the hot dilute solution of the free acid with 
silver oxide. 

2. Hydracrylic acid, free from a mineral acid, may most 
conveniently be estenfied by boiling with an excess of 
absolute alcohol in the presence of anhydrous copper sul- 
phate free from sulphuric acid. 

3. Hydracrylic ester boils at 95 0 to 96 under a pressure 
of 20 mm. without decomposition, but with decomposition 
at ordinary pressure. The ester has a density of 1*059 at 
20° and is soluole in water in all proportions, but is hydro- 
lysed only very slowly by water in the absence of a 
catalyst. 

4. On hydrolysis in the presence of an acid catalyst the 
0-hydiox>l shows a very marked retarding effect on the 
velocity of the reaction, while in alkaline hydrolysis 
the 0-hydroxyl produces a distinct accelerating effect. 

Table I . — Ethyl Hydracrylate. 

Hydrolysis in Decinormal Hydrochloric Acid. 

25 ° 35 ° 45 " 

Time of reaction in minutes 7240 2840 1390 

Velocity constants . . .. 10* K io j K io 5 ’K 

16*6 39*9 98*0 

16 6 39-8 98*6 

16*4 41*4 100*3 

16 o 40*4 97'g 

16 1 40*5 g8*6 

16 6 39*3 98-9 

15*8 41 o 97*3 


Averages . . 16*3 40*4 

Averages of duplicate series 16*2 40 9 

Table II.— Oxypropiontc Esters ; Summary . 


Hydrolysis in 

Decinormal Hydrochloric 

Acid. 

Toirp. 

Ethjl pro- 

Ethyl 

Ethyl 

Ethyl 

pionate, 

lactate. 

hydracrylate. 

glycerate. 


10 »K 

lO’K 

IQ’K 

io'K 

25 ° 

1 71*2 

76*1 

163 

18-5 (a) 

1 71*6 (a) 

74’4 (a) 

lC*2 

35° 

1 177-1 , x 

1 1 79‘° O') 

i77'5 

179 0 (a) 

jo*.* 

40*9 

43-0 O') 

45'" 

1 405-3 , v 

396*6 

98*5 

101*0 (il) 

{ 406*0 (a) 

396-0 (a) 

99*o 


(a) Determined by Dean (Am. yourn . Sci ,, 1913, xxxv., 
486). 

Table III . — Alkaline Hydrolysis in N/80 Sodium 
Hydroxide . 

Ethyl Hydracrylate . 


Temperature o*. 
Time 30 min. 
Constant K. 

1*86 * 

l’6j ’ 

1*93 

i*8x 

1-85 

1-87 

J-8 5 


Tem eraturcsj*. 
Time 13 min. 
Constant K. 
10*6 
11*0 
lo*0 

97 

10*8 

9*5 

9*0 


Averages .. 1*83 10*2 

Summary. 

K (o'). K (25=>). 

Ethyl propionate .. .. 1*16 (a) 5*94 (a) 

Ethyl lactate 14*6 (n) 63*7 (a) 

Ethyl hydracrylate. . .. 1*83 10*2 

Ethyl glycerate . . . . 9*02 (a) 67*3 (a) 

(a) Taken from Dean’s tables (Am. yourn* Sci., xxxv., 
608). 
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PHOTOGRAPHY IN COLOURS. | NOTICES OF BOOKS. 


Some beautiful photographic portraits in colours by the 
new Kodachrome process were shown for the first time 
in this country at a meeting of the Royal Photographic 
Society on Tuesday, the gth Inst. 

A New Two-Colour Method, — Mr. George E. Brown, 
F.I.C., Editor of the British Journal of Photography , 
describing the process, said that two plates sensitised for 
all colours are exposed in the camera either simultaneously 
or in quick succession, one through a red filter and one 
through a green filter. These plates are developed and 
fixed in the usual way, after which the black silver forming 
the image is removed by simple chemical means. The 
plates are then dyed — that taken through the red filter in 
a green dye, and that taken through the green filter in a 
red dye. The p’ates take up the dyes in inverse propor- 
tion to the original silver deposit. They are then brought 
face to face and bound up in register, the combination of 
the two-colour images by transmitted light giving a 
remarkably fine reproduction of the original. 

Beautiful Flesh Tints, — The delicate flesh tints are par- 
ticularly well rendered, and the entire absence of mechani- 
cal screen rulings and dots is a great advantage. The 
pictures consist entirely of colour, and the particular point 
of interest to the student of colour processes is the success- 
ful solution of the problem of converting the “ red ” and 
"green” record negatives directly into “green” and 
“ red ” colour positives respectively. 

Commercial Possibilities . — That the new process has a 
very promising commercial future is clearly shown by the 
unqualified success with which American professional 
photographers have applied it to studio portraiture. 

Any Number of Copies . — Considered commercially, an 
important aspect of the process is the fact that any number 
of copies can be reproduced from the original pair of nega- 
tives. In that case the original negatives are preserved as 
negatives, master glass positives being made from them 
by contact in the usual way, and from them the required 
number of negative duplicates which are freed from the 
silver and dyed as already outlined. Reproductions so 
made shown in company with originals fully held their 
own. 

Full Scope for Re- touching.— Apart from the extraordi- 
nary rendering of the colours, the process possesses the 
fundamental advantage that the plates can be re-touched, 
etched, and air-brushed, so that a skilful, artistic operator 
has full scope for his abilities and is not limited by a 
machine like process, as when working any of the earlier 
processes. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting, March n, 1915. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Contributions to the Study of the Bionomics and Re- 
productive Processes of the Foraminifera By E. Heron- 
Allen. 

“ Occurrence of an Intracranial Ganglion upon the 
Oculomotor Nerve hi Scyllium Canicula, with a Suggestion 
as to its Bearing upon the Question of the Segmental Value 
of certain of the Cranial Nerves By G. E. Nicholls. 

“ Experiments on the Restoration of Paralysed Muscles by 
means of Nerve Anastomosis . Part III. Anastomosis of 
the Brachial Plexus , with a Consideration of the Distribu- 
tion of its Roots” By Prof, R. Kenned v. 

u Mechanism of the Cardiac Valves (A Preliminary 
Communication), By A. F. S. Kent, 


The Chemistry oj Petroleum and Its Substitutes. By C. K. 
Tinkler, D.Sc. (Birra.), B.Sc. (Lond. and Wales), and 
F. Challenger, Pb.D. (Gottingen), B.Sc. (Lond.), 
F.I.C. With an Introduction by Sir Boverton 
Redwood, Bart. London : Crosby Lockwood and Son. 

1915- 

This book was primarily intended to be used as a hand- 
book by the students attending the three years’ course in 
petroleum mining recently instituted by the University of 
Birmingham, but it will undoubtedly bs found equally 
useful by a much wider circle of readers. The authors 
have done their utmost to emphasise the fundamental 
importance for the technologist of a thorough training in 
pure science, and a large part of the book is occupied with 
the pure chemistry of petroleum. While being, perhaps, 
somewhat difficult for the use of the student who has no 
knowledge whatever of organic chemistry, it provides a 
very thorough grounding in the subject, and the course of 
practical work described is excellent for the purpose. It 
includes preparations of important compounds, the deter- 
mination of physical constants, flash-points, &c., and 
chapters on practical distillation and crystallisation. 
Methods of preparing and denaturing alcohol are dealt 
with at tome length, the authors being convinced that in 
the future large quantities of it will be used as a substitute 
for petrol. 

The Extra Pharmacopoeia of Martindale and Westcott. 
Revised by W. Harrison Martindale, Ph.D., F.C.S., 
and W. Wynn Westcott, M.B.(Lond.), D.P.H. 
Sixteenth Edition. In Two Volumes. London : H. K. 
Lewis. 1915. 

In preparing the last edition of the extra Pharmacopoeia 
the matter has been re-arranged, and much information 
relating to new drugs and methods of treatment has been 
added. Thus, to mention only a few of the alterations, 
the uses and properties of many new anesthetics and 
vaccines are discussed, and the chapter on organic arsenic 
compounds has been revised. A good deal of attention is 
paid to the uses of colloidal metals, and many new 
tuberculin treatments are noted. The bacteriological 
examination of drinking-water is shortly treated, and 
bacteriological and clinical notes referring to special 
diseases have been added. 

The Hydrogenation of Oils. By Carle ton Ellis, S.B. 

London : Constable and Co., Ltd. 1914. 

The recent important discovery of commercially practic- 
able methods of hydrogenating and thus hardening oils 
will undoubtedly find very extensive industrial applica- 
tion, and this book, in which the subject is treated very 
comprehensively, will be valuable both to students ana 
practical workers. The author has brought together all 
the information he could gather about patents and pro- 
cesses. He has not attempted to criticise the data 
collected, but has merely given detailed accurate descrip- 
tions, without comments, of the patents of all nations, 
with as many particulars of plant, output, &c., as he could 
obtain. The properties and preparation of different 
catalysts are fully discussed, as well as the uses of hardened 
oils in soap making and for the preparation of edible pro- 
ducts, while chapters on industrial methods of obtaining 
hydrogen deal very fully with all the chief processes. 

~ MEETINGS FORMTHE WEEK. “ 

Monday, 29th. — Royal Society of Arts, 8 (Cantor Lecture). ** House 
Building,” by M H. Baillie Scott. 

Wednesday, 31st.— Society of Public Analysts, 8. "Estimation of 
Methyl Alcohol m presence of Ethyl Alcohol,” 
byG Cecil Jonas. “Determination of Niobium 
in presence of Tantalum, and some Reactions of 
Tantalum Compounds," hy A G Le\y. *‘ Esti- 
mation of Carbon Dioude in Self-raising 
Flours and Baking Powder,” by T. Macora 
“ Bromine Method of Determining Phenol,' by 
W, Versfeld. “ Method for the Determination 
of Chlorine in Cheese,” by Miss E. C. V, 
Cornish and J Goulding. 
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THE CYCLIC EVOLUTION OF THE CHEMICAL 
ELEMENTS. 

Part I. 

Bv F. H. LORING. 

Sir William Crookes’s well-known conception of the 
slements having been evolved out of some primary matter 
jnder the influence of Time and Temperature connected 
ivith Electricity is doubly suggestive at the present period, 
tow that the atom is supposed to be made up of positive 
tnd negative electrons. In the words of his Presidential 



Address before the Royal Society (November 30, 1914 ; 
Chemical News, cx., 287) he says : — u I ventured to 
suggest a possible explanation of these facts,* based on 
the assumption that acting on the original protyle were 
two forces— one of the character of Time, accompanied 
by a lowering of temperature, while the other, swinging 
to and fro like a pendulum, and having periodic cycles of 
sbb and flow, rest and activity, would be intimately con- 


* See erigfaal, as I have altered the tatting of tha quotation, the 
Facte referral to aet being detailed here.— F. H. L. 


nectcd with the force of electricity. I arrived at a 
presentation of the elements on a lemniscate path which 
seemed to me to throw some light on the question of their 
genesis.” 

If we now adopt as a general basis for the evolution of 
the elements Sir William Crookes’s idea of ebb and flow, 
&c., under electrical influence, it is perhaps best to select 
as a specific starting point some known phenomenon of a 
cyclic character which involves molecular action. The 
hysteresis loop seems the most suggestive in its peculiar 
cyclic representation of varying molecular changes. We 
are, of course, reminded of the Ewing (-Warburg) theory 
of this phenomenon. 

The following inquiry takes, therefore, the form of an 
argument in favour of representing the evolution of the 
chemical elements by means of a cyclic diagram, similar 
to a complex hysteresis loop indicating changes in mag- 
netism when the magnetising force is periodically with- 
drawn and re-applied during its general progressive 
variation. Moreover, such a figure is essentially an energy 
cycle, and thus we keep in the foreground the idea of work 
being performed in the process. The word hysteresis, it 
will be remembered, is from forrtpita , to lag behind. 

If we take a proper diagram out of Prof. Ewing’s book, 

“ Magnetic Induction in Iron and Other Metals,” third 
edition published — one showing a typical h>steresis loop, 
and a second one showing a number of smaller side loops 
due to interruptions in the continuity of the applied 
magnetising force, or, to avoid unnecessary repetition of 
diagrams, if one be selected from page 95, showing both 
types of loops— -by analogy the element formation might 
be represented as a similar cyclic process . The diagram 
referred to is reproduced in Fig. x. 

The analogy is thus far obviously imperfect, but by 
attempting a comprehensive representation it may be 



developed so as to take into account a number of 
characteristics peculiar to the elements. 

Therefore we may assume that elements can be formed 
when there are time breaks or “ rests M in the continuity or 
activity of the flow of energy, in the sense that when the 
impelling or accelerating force (taken apparently as passing 
from positive to negative) is withdrawn and re-applied, or 
a sudden change is made in it, a new phenomenon asserts 
itself, as if the stored or impressed energy had creative 
power to form certain elements. 

Then, expanding this idea, it seems reasonable to illus- 
trate a single offshoot or subordinate loop from a general 
curve, in such a way that the former will have horizontal 
parts or steps, representing times during which elements 
(atoms) were condensed or formed, and the sloping or more 
or less vertical parts indicate the activity referred to. 

It is in keeping with this idea to go a step further, and 
assign to the flat portions of the curve varying lengths in 
representation of varying time periods of "rest.” These 
periods, moreover, may be made to correspond to the rela- 
; five numbers of associated component atoms formed # 
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assuming that the conception of “ associates H is one 
having some representation in fact (see Chemical News 
cited below). 

Having proceeded so far with the argument, it will 
make things realistic if, instead of straight-line flats, some 
curls be introduced to represent the elements or atoms, as 
if the energy took some vortex form and detached itself in 
forming them. This result is now shown by Fig. a. 

We must remember that the present trend ot scientific 
revelation is towards natural or fundamental units, or 
quanta of heat, light, and energy generally. Electricity, in 
the case of the so-called negative 14 state,” has been experi- 
mentally found to be granular : to comprise definite quanta 
termed electrons. The mass of the electron has been 
interpreted as being partly or even wholly electromagnetic. 
The corresponding positive electron, which has for a long 
time been most elusive, is now regarded in some quarters 
as the hydrogen atom, or, to speak more accurately, the 
nucleus of the atom without its normally attendant election. 
Indeed, Sir J. J. Thomson has been able to detach from 
the hydrogen atom one negative electron, “ the only one 
it had.” See “ The Atomic Theory ” (the Romanes 
Lecture, 1914, by Sir J. J. Thomson, p. 18, published 
by the Clarendon Press). It is further supposed on good 



Fig. 3. 


grounds that all the elements are formed out of the 

“stuff” of hydrogen, and the number of attendant elec- 

trons, which varies from element to element (considering 
the atoms of different elements), has been roughly 
evaluated. 

The radio-elements disintegrate principally by giving 
off either helium atoms, or electrons only in some cases. 
The helium unit may thus be an exceedingly stable con- 
figuration of four hydrogens, with, however, only two 
apparent negative electrons. This would make the atom, 
taken as an alpha- particle, have two positive charges in 
excess. This brings us back to the well-known Prout 
hypothesis in so far as the elements (atoms) may be stable 
poiymerides of hydrogen, but the number of “internal” 
and “external” negative electrons associated with the 
nucleus o t each element is still awaiting further investiga- 

tion; that is to say, we may expect the specification 
that has been drawn up for some elements to be extended. 

The external electrons ace supposed to give rise to chemical 

activity ; to exercise, in fact, valency functions. 


Referring to Fig. 2, the number of curls correspond, we 
assume, to the atom-numbers (see Chemical News, 
cxi., 13, and previous citations therein). Ihe conception 
of “curls” gives the period of rest an activity, so that we 
may require to modify our terms as we proceed with the 
argument. 

We may observe that a complete offshoot has the curl 
or loop characteristic of a single “ atom-vortex,” so that 
a series or row oi elements collectively, m a sense, simu- 
lates the individual members. So tar, the largest relative 
number of proper associate atoms of equal weight appears 
to be thirteen or fourteen, which ia about equal tp the 
number of two-part groups (fourteen) in an arrangement or 
special classification given m “ Studies in Valency p. 23 
(Simpkin, Marshall, and Co.), suggesting that there are 
number-limitations, which is consistent with the idea of 
“ duplication.” Referring to the peculiarities of the 
“ associates,” there are supposed to be two types, just as 
there is duality m the group arrangement cited. 

The subordinate loops under consideration , as representing 
certain series ot elements, involve an upper and lower line 
on which the aisociates take their place, and these small 
intermediate loops or offshoots simulate the largei mam 
one, just aB the atom- vortices partake ot the characteristics 
ot the former, as already mentioned. It stems to suggest 
vaguely a principle of successive subordinate types or 
processes. 

There are, however, elements which appear not to be 
composite, m that their atomic weights are not mean 
values derived from differing proportionate numbers of 
integer elements whose atomic weights differ. They 
appear to be whole-number elements (atoms) without 
atomic weight variation m this respect (see Chemical 
News, cix., 169). 

To account for these various peculiarities, and to 
keep as far as possible to a cyclic diagram, one has been 
prepared, as shown by Fig. 3, in which the vertical dis- 
tances represent roughly atomic weights and the hori- 
zontal spacings the group-places. Only a portion of the 
elements are arranged in this manner. 

The diagram does not take all the elements falling 
within the area shown, so that another system may exist. 
These diagrams involve too much uncertainty to be satis- 
factorily carried out to completion ; indeed the “ associates” 
shown on the right-hand half are quite arbitrarily evaluated, 
no very accurate representation being attempted. Fig. 2 
is regarded as a detail representation of Fig. 3 in part, 
one loop being taken by way of example. 

The comparison of these diagrams with those characterising 
various manifestations of hysteresis phenomenon should 
certainly awaken interest in Sir William Crookes’s idea of 
the genesis of matter, but it would be a mistake to push the 
analogy too far. We already see difficulties in choosing 
such terminology as will enable us to pass from one 
phenomenon (hysteresis) to the other (evolution of the 
elements) without the possibility of involving ourselves in 
wrong interpretations of known facts concerning either 
the elements themselves or the magnetic effects studied. 

The above considerations really involve us in wider 
ones ; in particular, the problem of matter in regard to its 
states. The vacuum tube has revealed substance in a 
primitive form, and it was supposed by Crookes that this 
represented an ultra-gaseous or fourth state oi matter, an 
idea that seems generally accepted. Relatively, the so- 
called vacuum tube state is a fourth state, but by starting 
the order of reasoning at a different point in the circle of 
events and introducing geometrical and physical ideas, we 
arrive at the conception of tri-dimensional matter which 
does not give us fully recognisable substance, or the full 
embodiment, if we may so express it, and it is to the 
fourth state that we perhaps owe this property, though 
we cannot give adequate expression to the physical reality 
of things thus arrived at. 

If we now turn to the “Theory of Relativity” (19x4), 
by Silberstein, p. 134, we find the following H. G. 
Wells : * The Time Machine,* 1898 (Tauchnitz Edition), 
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p. 13. It is interesting to remark that even the forms used 
by Minkowski to express these ideas, as ' Three- 
dimensional geometry becoming a chapter of the four- 
dimensional physics,’ are anticipated in Mr. Wells’s 
fantastic novel. Here is another sample (loc, cit., p. 14) 
illustrative of what is now called a world tube ; — 4 For in- 
stance, here is a portrait [or, say, a statue] of a man at 
eight years old, another at fifteen, another at seventeen, 
another at twenty-one, and so on. All these are evidently 
sections, as it were — Three dimensional representations of 
his Four-dimensional being, which is a fixed and unalter- 
able thing.’ Thus Mr. Wells seems to perceive clearly the 
absoluteness, as it were, of the world-tube and the rela- 
tivity of its various sections.” Time as a 44 dimension ” is 
the root principle of this idea, and in order to show space 
relations it is regarded mathematically as a fourth- 
dimensional axis in a system having three axial co- 
ordinates—*, y, and z, We may note in passing that 
Dr. Silberstein’s work is mathematical. 

Thus we may imagine that the elements, though pos- 
sibly evolved out of whirls of energy,* have yet been im- 
pressed with some Time Influence, whereby they have 
passed from the infra- or ultra-material state into the 
fourth state, having then all the properties we associate 
with common things; for example, having weight ; and in 
consequence perhaps the ratio of mass to weight has be- 
come unity. 

THE SEPARATION OF THE ILLUMINANTS IN 
MIXED COAL AND WATER GAS.f 
By G A BURRELL and I. W. ROBERTSON 
{Concluded from p 752). 

Fourth Set tes of Fractionations . 

After removing the propylene and propane there re- 
mained a residue of 2*3 cc., only o*n percent of the 
original quantity of gas (2048*0 cc.). This residue was 
analysed by burning it in oxygen, and the contraction and 
carbon dioxide calculated to butylene. The observed data 
are given in Table IV. 

Table IV. — Analysis of Butylene Residue, 


Cc. 

Volume taken for analysis. - , . . . 2*3 

Oxygen added * * 93’8 i 

Total volume 96*11 

Volume after burning 9°’53 

Contraction produced 5*58 


Volume after KOH absorption. . ... 82*86 

Carbon dioxide produced by burning 7*67 

According to the reaction C4H84*60 a »4C0a-f 4H a O 
there result three volumes contraction and four volumes 
carbon dioxide when butylene reacts with oxygen. The 
contraction and carbon dioxide observed in the above 
analysis, 5*58 cc. and 7*67 cc., is almost in the ratio of 
3 : 4 within the error of making the analysis ; hence the 
data was calculated to butylene. Such a small quantity 
of gas was available to work upon that there might easily 
have been a trace of butane present. However, the total 
quantity compared to the original volume was only o*n 
per cent, or practically insignificant. Benzene that 

* We are reminded of Lord Kelvin’s idea of atoms being formed ae 
vortex rings out of the hypothetical ether. According to the Rela- 
tivists, by the way, the theory of relativity al okshes the ether- to 
put it pointedly. Matter itself seems sufficiently endowed with 
remarkable properties to afford means of explaining atl phenomena 
without recourse to an ether. The conception of a " prptyle " may be 
also regarded as equally speculative, but we see that this conception 
looks like common sense, now that experiment is bringing about a 
wider view of matter. When we come to understand more of matter 
in its various states we shall possibly abandon the asther. 

+ Presented at the meeting of the American Gas Institute, October 
33, 19x4, New York City, with the .permission of the Director of the 
U.S. Bureau of Mines. 


should have appeared in this last fraction did not show up ; 
hence the inference is that in the many transfers of gas it 
had condensed in the pump, and removed a trace at a 
time in the other fractions and in sweeping out the pump 
with air. 

The total number of cc. of gas from the various fractions 
« 1782+167+21*1+2*3 ** 1972*4 cc. This is exclusive 
of the benzene. The benzene as found by using a separate 
portion of the coal gas is 1*33 percent of the coal gas. 
Then 2048 cc. x r*33 per cent » 27*2 cc., and 1972*4 cc. 
4* 27*2 cc. «> 1996*6 cc., or within about 5*0 cc. of the 
amount (1995 cc.) that was fractionated. Considering the 
number of times the different fractions of gas were 
handled and measured in the fractionation analysis this is 
not a bad check on the operation. 

Determination of Benzene, 

For the benzene determination a separate quantity of 
gas was used, and advantage taken of an apparatus sug- 
gested by Dr. G. A. Hulett, chief chemist of this Bureau, 
for the determination of water-vapour in air. Dr. Hulett 
suggested that air with its moisture be cooled at the tem- 
perature of liquid carbon dioxide and the air be then 
removed with a mercury pump, and the warer-vapour be 
determined after removing the cooling medium by measuring 
its pressure. It was a simple matter to apply this principle 
to the determination of benzene in coal gas. The pro- 
cedure was to free the coal gas of carbon dioxide and 
water- vapour, and introduce it into the liquefaction bulb b 
(Fig. 1), cool it at a temperature of -78° C., and remove 
as much gas with the pump as possible. The stopcock n 
on the bulb was then closed, and the Dewar flask con- 
taining the cooling medium removed. The condensed 
liquid in the bulb then vaporised, and its pressure read on 
the manometer / (Fig. 1). This pressure compared to the 
original pressure of the gas gave the percentage of benzene 
in the coal gas. The results of two determinations are 
shown in Table V. 

Table V.— Results of the Benzene Determination, 


Original pressure of the gas (mm. of 


mercury) . » .. 

Partial pressure of the benzene 

744 

744 

vapour (mm. of mercury) . , . * 

Illuminants found in the distillate 

1° 

9 

(percentage of the total coal gas) 

7*32 

7*39 

Calculation of benzene . . 

10x100 

9x100 

Percentage of benzene in the coal 

744 

744 

gas of Pittsburgh . . 

*’34 

r 3 r 


The total illuminants in the gas of Pittsburgh as found 
by absorption in fuming sulphuric acid is 8*67 per cent (see 
ante). The distillate from the benzene determination was 
analysed by absorbing tbe remaining illuminants in 
fuming sulphuric acid. There was removed 7*32 and 7*39 
per cent of the distillates. These amounts when added to 
the benzene found, 1*31 and 1*34 per cent, equal 8*66 and 
8*70 per cent, or almost identically the same quantities as 
the total illuminants in the coal gas* Benzene reacts with 
oxygen as follows: — CeHe -f 7 *sO a « 6CO a -f 3 H a 0 . The 
contraction is 2*5 volumes, and the carbon dioxide is 
6 volumes. The data given in Table VI. show tbe results 
of analysis of the residual vapour that was held in the 
liquefaction bulb (Fig. 1) when tbe coal gas was cooled at 
a temperature of ->78° C. Before analysis the benzene 
vapour was diluted with air. 

It will he observed that the ratio between the carbon 
dioxide and contraction is almost exactly 6 : 2*5, showing 
that the vapour obtained in the determination was 
benzene. Traces of other easily condensable vapours may 
have been present but apparently in such small quantity 
as to be negligible. The authors of this publication were 
unable to find the vapour pressure of benzene at —78° €., 
but apparently it is very small. Benzene boils at $o° C. 
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At -so* C. the teneion is 576 mm. (Landolt and Bornstein, 
** Physikalisch - Chemische Tabellen,” 1905, p. 143, 
according to Regnault). The authors prepared saturated 
vapours of benzene by shaking pure benzene with dry air. 
t was a simple matter to prepare unsaturated vapours of 
benzene by simply diluting the saturated vapours with 
air. The quantity of benzene in the air was checked by 
combustion analysis. A number of tests were made of tbe 


benzene in air by the method just described. It was 
found that at - 78° C. allot the benzene could be separated 
from the air. Analyses were made of the distillates and 
residues to make sure that all of the benzene itmained m 
the liquefaction bulb at tbe temperature of -78° C. The 
foregoing method therefore seems to be well adapted for 
the benzene determination. There is needed a mercury 
pump, a liquefaction bulb, a gas burette for introducing 
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cities thin Pittsburgh, and the separation of the illuminants 
in the coal gas before it is mixed with carburetted water 
gas, and in oil gas that is used to enrich water gas. 

Chemical Laboratory. 

U.S. Bureau of Mines, Pittsburgh, Pa. 


THE NITROGEN OF PROCESSED 
FERTILISERS.* 

By ELBERT C. LATHROP,. 

Scientist in Soil Fertility Investigations. 

(Continued from p. 147). 

Isolation and Identification of Definite Compounds 
from the Processed Fertiliser. 

Ten pounds of base goods were extracted by boiling for 
one hour with 20 gallons of water in a steam-jacketed 
kettle. The solution was filtered from the insoluble 
residue, made exactly neutral with caustic soda, the pre- 
cipitate formed filtered off, and the filtrate concentrated in 
a steam kettle to a volume of about 3500 cc. 

This solution contained phosphates, sulphates, and much 
other mineral matter. In order to separate as much of 
these salts as possible from the organic compounds a cold 
saturated solution of barium hydroxide was added to the 
solution until no further precipitation took place. The 
heavy precipitate which formed was filtered off by 
suction, and washed many times with water. The filtrate 
was exactly neutralised with sulphuric acid and con- 
centrated to a volume of about 2000 cc. After cooling, 
this solution was made acid to 5 per cent with sulphuric 
acid, and a solution of phosphotungstic acid was added to 
slight excess, and the mixture allowed to stand. 

After three days the precipitate which formed was 
filtered off, and washed with water containing about 5 per 
cent sulphuric acid and a little phosphotungstic acid. The 
precipitate was carefully dissolved m 45 per cent caustic 
soda solution, using phenolphthalein as an indicator, and 
adding at no time more than two drops of the alkali solu- 
tion. Water was added so that a volume of about 1500 cc. 
was reached, and barium hydroxide solution was added 
until the phosphotungstic acid was precipitated. After 
filtering off the barium phosphotungstate, the free alkali 
was just neutralised with sulphuric acid, and the solution 
was then evaporated almost to dryness with barium 
carbonate in order to expel all of the ammonia. The 
residue was taken up in about 1000 cc. of hot water, and 
filtered, and the precipitate washed with hot water. The 
filtrate was placed in a 5 litre flask, and treated while hot 
with solid silver sulphate, which was added slowly until 
the solution contained sufficient to give a yellow pre- 
cipitate, when a drop was removed and tested with a solu- 
tion of barium hydroxide. Ihe solution was then filtered, 
and the separation of the three hexoue bases was carried 
out according to the method of Kossel and Kutscher 
(Zeit. Phys. Chsm.y 1900, xxxi., xo6). The solution was 
cooled to 40° C., and saturated with finely powdered barium 
hydroxide. The precipitate which was formed was col- 
lected and stirred up in a mortar with solid barium 
hydroxide, when it was again filtered off and washed with 
barium hydroxide solution. This precipitate contains the 
silver salts of histidine and arginine, while the filtrate 
contains the lysine. 

Lysine .— -The above filtrate was acidified with sulphuric 
acid, and freed from silver with hydrogen sulphide. 
Lysine was precipitated from this solution as the phos- 
pho tungstate, ana the free base was obtained by decom- 
posing this salt with barium hydroxide. From a con- 
centrated solution of the base, which was strongly 
alkaline in reaction and which showed no tendency to 
crystallise on standing, the picrate salt was prepared, 

* Bulletin No. 158, United States Department of Agriculture, 
bureau of Soils. 
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This compound showed the solubility, characteristic 
crystalline appearance, and propeities of lysine picrate 
(Kossel, Zeit. Phys . Chem 1898, xxv., 180; 1899, xxvi,, 
586). When taken up in boiling water and allowed 
to crystallise slowly, it formed in rather large yellow 
prisms, but when in Bmall amount the crystals assumed a 
fern-like appearance* The lysine was further identified 
by the preparation from the picrate of the hydrochloride 
salt, C6Hi 4 0aN2.2HCl, and the platinum chloride salt, 
C6Hi40aN2.H2PtCl6+ C2H5OH (Hcdin^cf. Phys, Chem. t 
1895, xxi., 299). 

The silver precipitate which would contain the arginine 
and histidine was suspended in water acidified with dilute 
sulphuric acid, and broken up with hydrogen sulphide. 
The silver sulphide was filtered off, the sulphuric acid 
was removed with barium hydroxide solution, and after 
filtering the solution was made slightly acid with nitric 
acid. Silver nitrate solution was added until a test 
drop with barium hydroxide gave a yellow precipitate. 
Histidine was completely precipitated as the silver Balt by 
the careful addition of barium hydroxide solution. The 
precipitate was washed with barium hydroxide solution 
until the washings ceased to give a test for nitrates. 

Histidine.- The histidine silver was suspended in water 
acidulated with sulphuric acid, and treated with hydrogen 
sulphide. The procedure described by Kossel and 
Kutscher was followed, and the histidine was finally 
separated as the dihydrochloride salt. The method of 
obtaining this compound and the characteristic crvgtalline 
form of the dihydrochloride salt are sufficient to establish 
its identity as histidine (Schwantke, ZtiU Phys. Chem. % 
1900, xxix., 492; Kossel, Ibid., 1896, xxii., 182). 

Arginine.-— The method 0/ isolating arginine is simply a 
further step in the method used in the isolation of hiBtidine. 
Arginine was isolated first as the acid nitrate salt, which 
crystallised in the form of plates (see Gulewitsch, Zeit . 
Phys. Chem., 1899, xxvii., 178), and was further identified 
by preparing the neutral nitrate salt and the copper nitrate 
salt both in characteristic crystalline form. 

Monoamino Acid,— The filtrate from the phospho- 
fungstic acid precipitate was made alkaline with barium 
hydroxide in order to remove the sulphuric and phospho- 
tungstic acids, and filtered. The filtrate was concentrated 
and nearly neutralised with sulphuric acid. This slightly 
alkaline solution, about 500 cc, in volume, was treated by 
boiling with freshly prepared copper hydroxide, and was 
then poured into about 3000 cc. of 95 per cent alcohol and 
allowed to stand overnight, in order that the insoluble 
mineral matter might settle out. The deep blue alcoholic 
solution was then filtered, the insoluble salts re-dissolved 
in water, and re-precipitated by pouring into alcohol as 
before. The alcoholic solutions were combined and 
evaporated to dryness, the residue was taken up in hot 
water, and the copper removed by treatment with 
hydrogen sulphide. After filtering from the copper sul- 
phide, the solution, which contained considerable colour, 
was boiled with animal charcoal. The filtered solution 
was made faintly alkaline with ammonia, and treated with 
freshly precipitated copper hydroxide, keeping the volume 
of the solution at about 1000 cc. The solution was 
filtered from the excess of copper hydroxide, and evaporated 
to dryness on the steam-bath. The solid residue was then 
scraped from the sides of the dish, and extracted in a 
Soxblet extractor with absolute methyl alcohol until no 
further blue colour was imparted t-> the alcohol. 

Leucine . — The alcohol insoluble portion was dissolved 
in a large volume of boiling water, and the copper re- 
moved with hydrogen sulphide. The solution was filtered, 
boiled down to a volume of about 50 cc., and treated with 
ammoniacal lead acetate until no further precipitation took 
place. The precipitate was washed with 95 per cent 
alcohol, and was finally decomposed with hydrogen sul- 
phide after suspending in water. On concentration of a 
portion of this solution the characteristic crystals of 
impure leucine formed.^ ‘.These crystals separated in 
concentric nodales closely resembling fat, but which were 
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composed of concentrically grouped highly refracting 
needles. These crystals were re-dissolved in water and 
added to the original solution, which was boiled up with 
animal charcoal until the colour disappeared. The leucine 
was then purified as before by the formation of the copper 
salt and the basic lead salt. On concentrating the solu 
tion obtained from this purification, crystals of pure 
leucine were obtained. These crystals formed in pearly 
scales, which somewhat resemble cholesterin. When 
dry the crystals were light, had a satiny glossy appearance, 
and were not easily wet again with water. They were 
extremely soluble in hot water, and quite easily soluble in 
cold water. Leucine was furthei identified by the fact that 
it sublimed (Schwanert, Liebig's Ann., 1857, cii., 224), 
and by the crystalline form and solubility of the copper 
salt (Hofmeister, Liebig's Ann., 1877, clxxxix., 16), and 
by its two colour reactions with quinone (Wurster, Centrlb. 
Physiol., 1889, ii., 590), red with a solution of leucine 
and quinone and violet when In addition sodium carbonate 
was used. 

Tyrosine . — The methyl alcohol solution of the copper 
salts was evaporated to dryness, and the residue taken up 
in water. The copper was removed with hydrogen sul- 
phide, and the solution was boiled with animal charcoal. 
After filtering, the solution was concentrated, and long 
thin silky needles began to separate. These needles, which 
closely resembled tyrosine, were filtered off, and the 
filtrate further concentrated, when another crop of needles 
was obtained. These were filtered off and added to the 
first fraction, and were then extracted with boiling 70 per 
cent alcohol. The crystalline residue was re-crystallised 
from water a number of times, and dried on a porous plate. 
This compound crystallised m the stellate groups of long 
slender silky needles which are characteristic of tyrosine. 
These crystals were relatively insoluble in cold water 
(Erlenmeyer and Lipp, Liebig's Ann., 1883, ccxix., 161), 
very insoluble in cola 90 per cent alcohol, easily soluble m 
hot water, and were tasteless, colourless, and infusible. 
The compound was further identified as tyrosine by the 
formation of the copper salt, which was rather insoluble in 
cold water and fairly easily soluble in hot water, by the 
fact that a solution of the compound gave a red colour 
when boiled with Mtllon’s reagent (Millon, Comptes 
Rendus , 1849, xxviii., 40; Lassaigne, Ann. Chim. Phys., 
1830, f z I, xlv., 435), and that a sulphonic acid prepared 
from the compound gave a violet colour with ferric chloride 
(Firia, Liebig's Ann., 1852* lxxxii., 252). 

Purine Bases . — Five pounds of base goods were boiled 
up with 10 litres of water, filtered, neutralised, and con- 
centrated to a volume of about 2500 cc. The solution was 
made strongly alkaline with sodium hvdroxide, and the 
purine bases were precipitated with Fehling’s solution 
and dextrose according to the method of Balke (Journ 
Prakt. Chem 1893, f2 1, xlvii., 537). The supernatant 
liquid was decanted from the copper precipitate, and this 
was washed, until free from alkali, with a solution of 
sodium acetate, by repeated decantations. The precipitate 
was filtered, freed from sodium acetate by washing with 
alcohol, and the copper removed by suspending the pre- 
cipitate in water, and treating it with hydrogen sulphide. 
After filtering off the copper sulphide the solution was 
concentrated, and the purine bases re-precipitated by 
means of a solution of silver nitrate and ammonia. After 
washing with water the silver precipitate was boiled with 
xo cc. of nitric acid, specific gravity i-x, and filtered. 
From this solution, on cooling and standing, crystals were 
deposited which were filtered off. 

The filtrate was diluted with water, made alkaline by the 
addition of ammonia, and a solution of silver nitrate added. 
No precipitate was formed, showing the absence of 
xanthine. 

Guanine . — The precipitate from the nitric acid solution 
was washed with water, suspended in water, and decom- 
posed with hydrogen sulphide. The solution was fi’tered 
and concentrated to about xo cc., when strong ammonia 
was added, producing a white gelatinous precipitate which 


was filtered ofi and washed with a little cold water. The 
precipitate was dissolved in a little warm hydrochloric acid 
and tested for the presence of guanine by means of the 
xanthine reaction and Weidel's test, both of which were 
positive. From the remainder of the solution the 
characteristic picrate of guanine described by Capranica 
(Zeit. Phys. them., 1880, iv., 233) and the dichromate 
described by Wulff (Ibid., 1893, xvl1 * 477) were prepared. 
The method of obtaining this base, its solubility in water, 
ammonium hydroxide, and hydrochloric acid, the solubility 
ot the silver salt in nitric acid (sp. gr. 1*1), the colour re- 
actions, and the formation of the two characteristic salts 
—the picrate and dichromate — are sufficient to establish 
the identity of the compound as guanine. 

Hypoxanthine . — The filtrate from the ammonia precipi- 
tation of guanine was boiled to expel all the ammonia and 
to a portion oi the sola tion a solution of picric acid was 
added, but no precipitate was immediately formed, showing 
the absence of adenine. To another portion of the solu- 
tion hydrochloric acid was added and the solution was 
concentrated, when crystals resembling those of hypo- 
xanthine hydrochloride separated out in whetstone-like 
crystals or bunches of prisms. Hypoxanthine forms a 
characteristic silver nitrate salt (Neubauer, Zeit. Anal . 
Chem., 1867, vi., 34) and a characteristic silver picrate salt 
(Bruns, Zett. Phys. Ckem., 1890, xiv., 555), both of which 
are crystalline and relatively insoluble m water. Hypo- 
xanthine does not give the xanthine reaction, but when 
treated with nitric acid and bromine water a yellow colour 
is produced, which on addition of sodium hydroxide turns 
red, and on heating acts like the xanthine reaction. By 
means of these reactions the substance was identified as 
hypoxanthine. 


The Chemical Changes involved in Processing. 

The compounds which were isolated from the base goods 
are tabulated in 'Fable IV., according to the sources from 
which they have been derived and the chemical groups to 
which they belong. While it was not possible to isolate 
these compounds in a strictly quantitative manner, never- 
theless it was evident that the purine bases were present in 
exceedingly small quantities, although the method used in 
their isolation was subject to no more enor than some 
other of the isolation methods ; this would indicate that 
tbe nitrogen of the purine bases makes up but a small per- 
centage of the total nitrogen present in the fertiliser. 


Table IV . — Organic Compounds Isolated from Sample 
of Base Goods . 


Compound. 
Arginine.. 
Histidine . . . 

Lysine .. . . 

Leucine . . . . 

Tyrosine., .. 
Guanine . . • . 


Hypoxanthine . 


Chemical group. 

Diamino acids or 
hexone bases. 

Monoamine acids. 
Purine base . . . 

Purine base . .. 


Source of compound. 

Produets of protein 
hydrolysis by acid 
treatment of raw 
materials. 

Plant constituent, or 
product of hydro- 
lysis of nuclco- 
protein. 

Plant constituent, or 
product of conver- 
sion of nucleo- 
protein base. 


Purine Boms.— I t will be noticed that the two purine 
bases are listed in the table as coming from different 
sources. It is a well-known fact that the purine bases may 
exist in plant tissues and plant extracts as such ; that is, 
they are not linked up in more complex compounds in such 
a way that their peculiar chemical identity Is lost. In the 
garbage which has entered into the manufacture of tbe 
fertiliser, there were doubtless many sorts of plants or 
plant remains which contained some or all of tbe purine 
bases, and this fact alone would account for the presence 
of hypoxanthine and guanine in the finished product. This, 
however, is not the only source of the purine bases. 
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Levene and his associates have demonstrated that some of 
the purines enter into the composition of the nucleic acids, 
which are decomposition products of nucleo protein, and 
that they may be obtained by a process of hydrolysis from 
these nucleic acids (Levene and Jacobs, Ber., igxi, xliv., 
746; B iochtm. Zeit ., 1910, xxvin., 137; Levene, Abder- 
k$den's Biochem . Arbeitsm 1910, ii., 605 ; ign, v., 489)* 
Of the four parine bases commonly encountered, only 
guanine and adenine have been found to be constituent 
parts of the nucleic acid molecule, it matters not whether 
the nucleic acid be a decomposition product of animal or 
plant nucleoproteins. But it has been shown that the two 
urines found in the nucleic acids may be changed, both 
y chemical and biochemical agencies, into the two other 

S urine bases, xanthine and hypoxanthine, so that these are 
:equently encountered. Thus, by the treatment of 
guanine with nitrous acid, Fischer {Liebig's Ann., 2882, 
ccxv., 309) changed it into xanthine, and in the same 
manner Kossel {Zeit. Phys . Chem 2886, x., 258) changed 
adenine into hypoxanthine. Furthermore, Schittenhelm 
and Scbrdter (Zeit. Phys. Chem., 1904, xli., 284), have 
shown that the putrefactive bacteria, especially the colon 
bacillus, were able to convert adenine and guanine into 
hypoxanthine and xanthine. They also show that the 
bacteria have the power of splitting the nucleic acid itself. 
This same change is also brought about by the action of 
certain enzymes, such as erepsin, on nucleic acid. 

With these facts at hand it is possible to draw the fol- 
lowing conclusions as to the source of the two purine bases 
in this fertiliser The guanine and hypoxanthine may be 
derived from plant remains which originally contained 
these two compounds ; the guanine may arise by the acid 
hydrolysis of certain vegetable or animal nucleo-proteins 
which were present in the original materials ; and the 
hypoxanthine may have been formed by the processes of 
natural decomposition, such as the action of bacteria and 
enzymes, which had taken place in % crude materials 
before they were subjected to the acidulation process or 
during the process itself. It 19 not improbable that the 
guanine and hypoxanthine come from all of these sources. 

Diamino Acids . — Of the three diamino acids lysine was 
obtained in much the largest amount, arginine next, and 
histidine in the smallest amount. These compounds are 
products of protein hydrolysis by acids, but may also be 
produced under certain conditions by the action of bacteria. 
Since one or more of the diamino acids have been found 
to be present in every protein so far examined, and since 
the method for the analysis and the isolation of these bases 
is almost quantitative, the determination of the number 
tnd amounts of the diamino acids present in a mixture of 
protein hydrolysis products is of importance in deciding 
the nature and character of the original material which 
Entered into the processed goods. 

(To be continued). 


BRITISH SCIENCE GUILD. 

The Provision op Glass Apparatus for Educational 
Purposes. 

Joint Report op the Education and Technical 
Education Committees. 

Technical Education Committee. - Prof . Meldola»F.R.S.; 
Dr. Beilby, F.R.S. ; Prof. R. A. Gregory ; T. C. 
Horsfall; Surgeon-General Sir A. Keogh, K.C.B.; 
Prof. Liversidge, F.R.S. ; Sir Philip Magnus, 
M.P.; Prof. J. Perry, D.Sc., F.R.S. ; Sir William 
Ramsay, K.C.B., F.R.S. ; J. H. Reynolds, M.Sc. ; 
Dr. A. Shad well, M.A..LL D. ; Mrs. W, N. Shaw ; 
Prof. Wertheimer ; Right Hon. Sir William Mather, 
P.C., LL.D. ; Sir Norman Lockyer, K.C B., 
F.R.S ; Sir Alexander Pedler, C.I.E., F.R.S.; 
Dr. F. Mollwo Perkin ; Lieut.-Colonel Sir Charles 
Bedford, D.Sc. 


Education Committee. — Hon. Sir J. Cockburn, 
K C.M G. ; J. Wilson, M.Sc. ; Charles Bathurst, 
M P. ; Fred Charles, B.A. ; J. Eibterbrook; 
E. Gray ; Prof. R. A Gregory ; E. G A. Holmes ; 
Sir Philip Magnus, M.P. ; C. T. Millis; A. T. 
Pollard ; Prof. T. Raymont ; Miss C. E. Rigg ; 
J. J. Robinson ; Dr. R. M. Walmsley ; Sidney 
Webb, LL.B. ; Sir J*mes Yoxall, M.P.; Right 
Hon. Sir W. Mather, P.C., LL.D. ; Sir Norman 
Lockyer, K C B , F.R S ; Sir Alexander Pedler, 
C.I.E., F.R.S.; Dr. F. M. Perkin; D. Berndge; 
and Dr. Tripp. 

In the past practically all the glass and porcelain appa- 
ratus used in chemical laboratories in this country has 
been manufactured in Germany and Austria. As the 
supply is now cut off and the stocks held by British dealers 
are almost exhausted, the problem of obtaining apparatus 
for educational and technical purposes has become a 
serious one. 

The Joint Committee is informed that efforts are now 
being made by several firms to introduce the manufacture 
of glass apparatus into this country, and being m hearty 
sympathy with these efforts, it has considered in what way 
the British Science Guild may best assist. In these efforts 
the Committee has co-operated with the Association of 
Public School Science Masters, and has taken action along 
two main lines, viz. ; — 

z. Endeavouring to obtain assurances of support for 
British makers of educational glass ware after the war as 
well as now. 

2. Ootaining information from educational institutions 
respecting the principal types and sizes of glass vpparatus 
in greatest demand. 

x. Assurances of Support for British Mahers of Scientific 
Glass Ware. 

It is understood that the efforts during the last three 
months by certain British glass manufacturers have been 
attended with satisfactory results as regards the quality of 
the products. Economic and manufacturing conditions 
have prevented British glass apparatus being so>d at so 
low a price as has been paid in the past for German 
material. As these conditions will probably remain un- 
changed, British manufacturers have been naturally disin- 
clined to expend the necessary capital in establishing the 
proposed new industry here, while there is every likelihood 
that they will be undersold in the British market by their 
competitors when the war is over. The Joint Committee 
is informed that this has acted as a strong deterrent to 
British glass manufacturers contemplating the production 
of scientific glass apparatus. 

The Joint Committee, therefore, has endeavoured to 
ascertain how far it is probable that educational institu- 
tions would undertake to buy only British-made glass and 
porcelain apparatus during the war and for a period of 
three years after. 

Inquiries were made in this direction by the Hon. 
Secretary of the Association of Public School Science 
Masters, who is a member of the Joint Committee, from 
the Head Masters of all schools represented on the Head 
Masters 1 Conference. Out of the zzo schools so repre- 
sented, no fewer than 78, i.e. jx per cent, have definitely 
promised to authorise their Science staffs to purchase as 
far as possible only British-made glass apparatus during 
and for a period of three years after the conclusion of the 
war. As these promises have been received from almost 
all the largest schools, both boarding and day, it may be 
assumed that manufacturers as well as dealers will receive 
adequate support from the “ Conference schools.*' 

The Guild also issued about 750 letters of inquiry to — 

(а) Local Education Authorities. 

(б) Governors of secondary schools. 

S Governing bodies of technical institutions. 

Senates of Universities and University Colleges, 
and has received a very large number of replica. 
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The proportion of definite replies coming in at once 
has been smaller than in the case of the public schools, 
from the fact that various committees have had to be con- 
sulted before definite promises could be given, but the 
replies which have been received have been quite satis- 
factory. Of the definite replies received about 72 per 
cent are sympathetic, and promises are given to purchase 
only British-made apparatus as requested, subject in many 
cases to the proviso that the increased cost is not 
prohibitive. 

A considerable number of the replies, while generally 
sympathetic, give no guarantee, the reason being in most 
cases that the matter rests with a higher authority, such as 
a county council or board of governors, from whom no 
definite reply had been obtained. Some authorities, also, 
while sympathetic do not feel able to bind their suc- 
cessors, and one authority suggests that only the purchase 
of German and Austrian apparatus should be barred. 

The endeavour to obtain the value of the apparatus used 
in such institutions has not resulted in any very precise 
information, but from the facts before the Committee it is 
clear that the value of such apparatus must at least run to 
some thousands of pounds. 

2. Types and Sizes of Apparatus most in Demand . 

Inquiries as to the principal types and sizes of apparatus 
most generally used have been made on behalf of the Joint 
Committee from public schools and technical schools. It 
was felt by the Joint Committee that this information 
would be of considerable value to glass makers, as there 
is a very strong feeling among those concerned with the 
chemical apparatus trade that at the present time flicks, 
beakers, basins, &c , are supplied in an unnecessarily large 
variety of shapes and sizes. 

Judging from the replies received from the institutions 
above referred to, the following represent the apparatus 
most in demand 

Test Tubes . — 6xf in., 2X|in., and. in smaller quanti- 
ties, 6xr in., 5X| in., and 2xJ in. 

Beakers *— Squat form, lipped, 200 cc., 300 cc., and in 
smaller quantities, 150 cc., i>oo cc., 1000 cc. 

Beakers . — High form, in the same sizes as above but in 
smaller quantities. 

Flasks . — Flat bottom, 100 cc., 250 cc., 500 cc., and in 
smaller quantities, 1000 cc., 1500 cc., 2000 cc. 

Flasks . — Round bottom, 250 cc., 500 cc. 

Tubulated Retorts . — 150 cc. 

Funnels — 6*5 cms. 

Distilling Flasks .— 100 cc., 250 cc., 500 cc. 

Evaporating Dishes.— 50 cc., 100 cc., 200 cc., and in 
smaller quantities, 1000 cc. and 2000 cc. 

Crucibles .— 15 cc. and 23 cc. 

In conclusion, the Joint Committee desires to express its 
strong conviction that every eff irt should be made to facili- 
tate and encourage the manufacture of glass and porcelain 
apparatus in the United Kingdom. It therefore urges the 
advisability of asking the Board of Trade to watch the new 
industry, and, if necessity should arise, to use its 
endeavours to modify any restrictions at present existing 
which may be detrimental to the carrying on and exten- 
sion of the industry. 


NEW BRITISH INDUSTRIES. 

In order both to acquaint consumers with new sources of 
supply and to obtain support for new industries, the 
University of Sheffield Scient fic Advisory Committee have 
just held, on March 18, 19, and 20 an exhibition of 
apparatus and material of British make. The following 
firms sent exhibits 

Messrs. British Laboratory Ware Association (exhibiting 
through Mr. J. Preston, Sheffield).— Glass beakers* 
flasks, funnels, gas jars, tubing, porcelain crucibles, 
and basins of various makes, filter-papers from 
different sources, thermometers, and hydrometers. 


Messrs. Thermal Syndicate, Ltd., Neptune Bank, 
Wallsend-on Tyne. — Tubes, crucibles, basins, 
artistic dishes, lamp and gas chimneys of fused 
silica. 

Messrs. British Glass Wool Co., 2, Compton Road, 
London, N.^ Samples of glass wool in bulk and in 
skein. 

Messrs. Lang and Son, Charlton Works, Islington, 
London, N. — Glass tubing and tubes of different 
sizes, flasks, beakers, burettes, bottles, surgical 
appliances, and porcelain basins. 

Messrs. Silica Syndicate, 82, Hatton Garden, London, 
E.C. — Pure fused quartz flasks, distilling flasks, 
bottles, tubing, basins, crucibles, and vacuum tubes. 

Messrs. Morgan Crucible Co., Ltd., Battersea Works, 
London, S.W. — Clay muffles, tubes, and plates for 
electrical heating, pyrometer sheaths, combustion 
boats and tubes, economisers, and gas mantle 
supports. 

Messrs. Lennox Foundry, Ltd., Glenville Grove, 
London, S.E. — Tantrion plates, baains, cock plugs, 
and bars. 

Messrs. Haughton’s Metallic Packing Co., Ltd., 30, St. 
Mary-at-Hill, London, E.C.— Ironac dishes and 
cock plugs. 

The exhibition was well attended by persons actually 
interested in the goods displayed, and satisfaction was 
expressed by many visitors at the considerable progress 
made in a very short time by British makers of gla«s and 
porcelain ware. AH the exhibits received careful examina- 
tion by visitors. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , March 18, 1915. 

Sir William Crookes, O.M., President, in the Chair, 

The Bakerian Lecture was delivered by Prof. W. H. 
Braqg, F.R.S., on u X-rays and Crystalline Structure.” 

The new method of examining crystalline structure has 
already been explained on more than one occasion. The 
atoms of crystal may be conceived in various ways — as 
arranged in a series of parallel planes, each capable of 
reflecting a small fraction ot an incident pencil of X rays. 

It the spacing of the planes is <f, the wave-length A, and 
the angle between the rays and the planes is 0, and if the 
relation «A * 2 dsin 0 is satisfied, where n is any integer, 
then the various reflected pencils are in the same phase 
and combine to give an obvious reflection of the X rays. 
If this relation is not satisfied there is no reflection. 

The X-ray spectrometer is designed to measure the 
various values of 0 at which reflection occurs in a given 
case. The angle can easily be determined to a minute 
of arc. 

Given d we can compare the wave-lengths of different 
X-rays. Given A we can compare the spacings of various 
sets of planes of the same or of different crystals. By 
certain considerations the experiments can be made abso- 
lute and not merely comparative. In this way the struc- 
tures of several simple crystals have already been found, 
such as rocksalt, diamond, iron pyrites, and so on. 

The reflections for various values of x, the integer in 
the formula, or as they may be called the spectra of 
various orders, differ amongst themselves in a surprising 
way. The intensities in the case of the most important 
planes m Iceland spar have recently been determined, and 
give very interesting results. In the case of two pairs of 
planes the spacing is the same but the arrangement of 
atoms is different. This gives an opportunity of com- 
paring the effect of arrangement apart from spacing, and 
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it appears that the intensity of the reflection in any order 
is proportional to the weight of the planes which con- 
tribute to that OLder. 

Again, there are three calcite planes for which the 
arrangement of the atoms is exactly the same, but they 
differ in their spacings. The relative intensities follow a 
rule which has already been stated, viz., that the intensity 
in a reflection at an angle 8 is inversely proportional to 
sin 9 0 , other things being the same. Rules of this kind 
are needed if the method is to be used in the examination 
of more complicated crystals. The physical meanings 
that may be attached to these rules are of considerable 
interest. 


PHYSICAL SOCIETY. 

March 12, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

A PAPER on “ The Estimation of High Temperatures by 
the Method of Colour Identity by C. C. Paterson and 
B. P. Dudding, was read by the former. 

Preliminary experiments are described in which the 
temperature of incandescent substances is estimated with 
a very fair accuracy by matching their colour with that 
of incandescent filament lamps working at appropriate 
efficiencies. These have previously been calibrated by 
comparison with a “ black body” over a large tempera- 
ture range. The comparisons are made in the field of a 
Lummer Brodhun photometer, and the method is shown 
to give the correct result for the melting-point of 
platinum. 

Discussion. 

Prof. S. P. Thompson thought something must be 
wrong with the English language when “ white ” light had 
to be defined as that radiated by a 11 black ” body. The 
term “grey” body seemed indefinite. There were many 
shades of grey, and it would be interesting to know how 
many bodies were really “grey ” according to the precise 
definition of the authors. He thought that in plotting 
lumens per watt against temperature it would* have ac- 
corded better with custom to have plotted temperatures as 
abscissae instead of as ordinates. 

Mr. A. P. Trotter thought that if this work had been 
published before the ordinary optical pyrometer had been 
introduced the latter might never have appeared. The 
colour identity method appeared to put optical pyrometry 
on a different plane. Those who had had anything to do 
with furnaces — he supposed Tubal Cain was the first — 
always recognised the relation of colour to temperature* 
The method especially interested him as being an ont- 
come of an investigation of the Violle standard. 

Dr. J. A. Harxbr said that the accuracy with which 
the authors had obtained the melting-point of platinum 
was very surprising. There seemed no a priori grounds 
for supposing that a black body at the temperature of 
melting platinum should emit the same colour of radia- 
tion. with regard to the “black body” used by the 
authors, it was extremely difficult to obtain a furnace at 
these high temperatures without a cloudy atmosphere, but 
after distilling the impurities out of the carbon — which 
was the only suitable substance to use — he had found it 
possible to obtain a high temperature furnace with a per- 
fectly clear atmosphere, With the ordinary optical 
pyrometer 'it was impossible, by means of the coloured 
glass supplied, to get sufficiently perfect monochromatism 
to give great accuracy. If a strip of platinum be used 
instead of a wire it is possible to maintain it within a 
degree or two of its melting point for some time. 

Mr. A. Campbell asked how the optical pyrometer 
was calibrated at high temperatures. In the case of the 
Violle standard, was it essential actually to melt the 
standard strip ? Would it not be more satisfactory to use 
It tungsten strip heated up until a small speck of e,g. 


quartz on it began to melt rather than to melt the strip 
which was under observation ? 

Mr. Dow questioned whether the filaments of the 
lamps could be regarded as “grey” bodies, as, when 
metal filaments first came out and their energy wave- 
length curves were taken, these Bhowed large irregularities 
in the infra-red. Some of the work done in the States 
with the hot filament type of optical pyrometer showed 
that interference fringes made it difficult to note the point 
when the filament was invisible against the background. 
The authors’ method had no disadvantages of this kind 
on account of the size of field used. 

Mr. A. W. Beuttell suggested that any difference in 
the colour sensations of the observer from the normal 
would affect the results obtained by the method. 

Dr. C. Chree asked which of the values, 1750° C. or 
1770° C., the authors considered most nearly correct ? 

Mr. E. H. Rayner thought it might add to the sensi- 
tiveness of the method if, when the colour match had been 
obtained, coloured glasses — say, first a red and then a 
blue glass — were put in front of the eye. Any inexactness 
in the match might be increased and shown up in this 
way. 

Mr. Paterson, in reply, said that the terms “black” 
and “grey,” as applied to radiating substances, were 
widely used and had quite definite meanings. The grey 
bodies quoted by Prof. Thompson should really be classed 
aB selective. There were very few substances, of course, 
which were absolutely “ grey,” and it was well to con- 
sider everybody as having a large amount of greyness and 
a small amount of selectiveness. With regard to Mr. 
Dow’s remarks, all bodies were almost entirely grey 
within the visible spectrum. It was chiefly outside these 
limits that irregularities occurred. Peculiarities in colour 
sensation could not affect the result, as the radiation from 
both sources was similarly affected. “ Black body” tem- 
peratures were, he believed, obtained where possible by 
means of thermocouples, and at higher temperatures the 
curve was extrapolated by means of the radiation laws* 
He regarded the values 1750 and 1770 as agreeing within 
the limits of accuracy of these preliminary experiments.” 

A paper on “ The Unit of Candle-power in White 
Light by C. C. Paterson and B. P. Dudding, was read 
by the latter. 

The paper describes the methods adopted at the 
National Physical Laboratory for minimising the diffi- 
culty of photometric comparison of white lights of different 
hue. A series of six sets of electric sub-standards are de- 
scribed, varying in the tint of the light radiated from that 
of the pentane lamp to that of a tungsten vacuum lamp 
operating at 1*5 watts per candle. The absolute value of 
the unit of candle power has been re-determined, as have 
also the corrections for humidity and barometric changes, 
while the probable existence of a temperature correction is 
discussed. 

Discussion. 

Mr. A. P. Trotter said he would only refer to the 
question of the humidity correction. Considerable work 
had been done by Messrs. Haldane and Butterworth and 
himself, which had not yet been published, in which 
observations bad been taken over larger ranges of humidity 
than in the American observations. The barometer was 
also varied over a wide range. The curve they obtained 
had a tangent which accurately fitted in with the authors’ 
observations. The suggestion that a temperature correc- 
tion lurked within the bnmidity coefficient was possible. 
The intensity-moisture curve was a sloping straight line 
which might be the resultant of two lines — the true 
moisture-intensity line of slightly greater slope than the 
observed curve combined with a temperature-intensity 
curve of small negative slope. 

Mr. Dow thought that the cascade method did not get 
over any fundamental difficulty inherent in the direct com- 
parison of the differently hued lights, and he was inclined 
to question whether the increased accuracy attained, if 
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any, in the final result really warranted the additional 
trouble. It was well known that the colour depended on 
the area of the retina illuminated, and be asked if the 
authors had found that any difference could be produced 
by pushing in or drawing out the draw tube of the photo- 
meter. He asked what was the degree of reproducibility 
of the pentane standard. He noted that the authors 
did not like flicker photometers. His experience agreed 
with this. 

Mr. A. Campbell also thought that the figures in the 
paper did not justify the conclusion that the cascade 
method was much superior to the direct comparison of the 
sources. 

Mr. T. Smith (communicated remarks) thought it 
would be of interest to have a curve showing the results 
obtained for lamp 6 directly compared with each of the 
intermediate sub-standards. He suggested that the diffi- 
culty experienced in photometry involving a colour differ- 
ence might be due to the chromatic aberration of the eye 
preventing both portions of the contrast pattern being in 
simultaneous focus. If numerical data concerning this 
aberration were available a lens could be computed which 
would allow simultaneous focus for the different colours, 
and might in great part remove the difficulty. 

Mr. Paterson, m reply, said that Mr. Trotter’s sug- 
gested explanation of the temperature coefficient was 
similar to the one they had themselves formed. A given 
range of temperature in America might be accompanied 
by a different variation m humidity than the same range of 
temperature here. Using the cascade method all observers 
agreed very closely, and while it appeared to give the 
same ultimate result as direct comparison, this could not 
have been taken for granted beforehand. With large 
colour differences the judgment of an observer seemed to 
vary more from time to time than when bridging the dif- 
ference m small steps. He did not think that the pentane 
standard could be reproduced more closely than about 1 per 
cent, but they had always used one particular lamp as 
their ultimate standard at the National Physical Labora- 
tory. 

A paper, entitled M The Relative Losses in Dielettrics in 
Equivalent Electric Fields , Steady and Alternating 
(R.Af.S.),” by Mr. G. L. Addenbrooke, was taken as 
read on account of the lateness of the hour. 

After references to former work, especially on surface 
leakage, tables are given showing an intimate connection 
between the losses in steady and alternating fields, and 
that the one can be predicted from the other to a first ap- 
proximation. Exceptions are mentioned, and it is shown 
that there is heterogeneity in these cases. Curves of the 
losses from 1 to 4 seconds to 40 vibrations are given for 
specimen dielectrics. Above 8 to 13 vibrations, both 
for '• good” and * 4 poor ” dielectrics, these become rising 
straight lines. The salient features lie below, about 
16 vibrations. 

The formula a+bn applies to all dielectrics for frequen- 
cies above about 8 vibrations, but not below. The a con- 
stant is always larger than and bears only a very indefi 
nite relation to the steady voltage loss. Liquid dielectrics 
behave similarly to solid with certain differences, particu- 
larly that for a given resistance the ratio of the steady to 
the alternating loss is less than with solids. There is a 

f eat difference in the comparative ranges of the losses. 

or the dielectrics tabulated these vary in a steady field 
from 1 to 1,300,000, but the corresponding alternating 
losses vary only from 1 to 1100. The difference is princi- 
pally in the “ good ” dielectrics, the alternating losses in 
which at 40 vibrations are vastly larger than these in a 
steady field, though they still appear to be connected with 
them. 

Discussion. 

Mr. D. Owen (communicated remarks) considered that 
the author’s tests supplied data of great interest, though 
their value would be greater if more details of actual 
readings were supplied. The results support the a+bn 


formula for dielectric power loss already advanced by 
previous workers. They show also that a and b are prob- 
ably unconnected. This being the case, the author has 
adopted a wrong basis of calculation m arriving at his 
main point. It would be better to show the relation 
between a and ao the direct current power loss. The dis- 
crepancies noted in regard to a few materials (good 
insulators) might thus be tound to disappear. 


NOTICES OF BOOKS. 


Practical Physical Chemistry By Alex. Findlay, M.A., 
Pb.D., D.Sc. Third Edition. London, New York, 
Bombay, Calcutta, Madras: Longmans, Green, and 
Co. 1914. 

In the third edition of this book its limits have been very 
considerably extended, fresh subjects and new methods of 
work having been added to make it a more complete 
laboratory book of physical chemistry. In its present torm 
it contains all that the average general student of chemis- 
try requires, and it provides an excellent introductory 
course lor the use of tno&e who intend to specialise m the 
subject. The descriptions of typical methods and experi- 
ments are very clear, and for the benefit of more advanced 
students many references to original literature have been 
added to the third edition. 


The Chemistry of Colloids and some Technical Applications . 

By W. W. Taylor, M.A., D.Sc. London: Edward 

Arnold. 1915. 

This book is based upon a series of lectures delivered by 
the author to the advanced students of the University of 
Edinburgh, and is the first general text-book on the subject 
which has been published m the English language. In the 
first part the general properties of colloids are treated, the 
author’s plan being first to describe the phenomena and 
then to discuss the most important explanations and 
theories which have been put forward. The student is 
supposed to have a reasonable knowledge of mathematics, 
and if that is the case he should have no difficulty m fol- 
lowing the text, in which the arguments are always 
lucidly Btated. In the second part the practical details of 
methods of preparation of sols are given, and Part III. 
deals with adsorption. Some account of the applications 
of colloid chemistry, e.g. t in dyeing, tanning, and biology, 
is given in the last section, the first subject being discussed 
in some detail, although the author does not claim to have 
treated it by any means completely or exhaustively. 


OBITUARY. 


Dr. S. G. RAWSON. 

It is with grea t regret that we have to record the death of 
Dr. S. G. Raws on. the Principal of the Battersea 
Polytechnic, who died, after a brief illness, on Tuesday, 
March 23. 

Dr. Rawson was educated at Charterhouse School, the 
Royal College of Science, University College, London, 
University College, Liverpool. He subsequently became 
Lecturer in Chemistry at University College, Liverpool, 
and in 1895 he was appointed Principal of the Technical 
College, Huddersfield. In 1903 he was appointed Director 
of Education to the Worcestershire County Council, and 
n September, 1907, be was appointed Principal of the 
Battersea Polytechnic. 
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Dr. Rawson was a Doctor of Science of the University 
of London, an Associate of the Royal College of Science, 
Liverpool, Fellow of the Institute ot Chemistry and of the 
Chemical Society, and, since January, 1914, was Chair- 
man of the Council of the Association of Technical 
Institutions. 

A memorial service to the late Dr. Rawson was con- 
ducted at the Polytechnic by the Rev. Canon Curtis, 
Chairman of the Governing Body, on Friday morning, 
March 26, The Great Hail of the Polytechnic, which was 
appropriately draped for the occasion, was crowded with 
members of the staff and with students of the various 
departments of the Polytechnic, assembled to pay the last 
tribute ot respect and affection to their late Principal. 
The service, which was fully choral, was most impressive 
and affecting. In addition to the staff and students, the 
service was attended by members of the Governing Body, 
Sir Pmlip M gnus, ot tne City and Guilds Institute, Mr. 
Eawm late (t Jimetly Chairman of the G iverning Bud}), 
Mr. E an Spicer (a lormer Governor), Dr. Garnett, and 
other representatives of the Education Department oi the 
London County Council, the Principals of most of the 
London polytechnics, and representatives of other bodies 
with which tne late Dr, Rawson was connected. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Hots.— A ll degrees of temperature are Centigrade unless otherwise 
expressed. 

Comfits Rendus Hebdomadatres des Stances dt VAcadimu 
dts Sennets. Vol. cix., Ho. 7, February 15, 1915. 

This number contains no chemical matter. 

Ho. 8, February 33, 1915. 

Favourable Action of Manganese on the Bacteria 
of Leguminous Plants. -D Oiavu. - It has been shown 
that manganese, traces of which are found m all living 
Cells and m ail soils, has a beneficial effect upon crops 
when small quantities ot soluble salts are added to soils 
deficient in u. The author has studied the influence oi 
manganese upon the microbes of the soil, beginning with 
those ot the nodosities ot leguminous plants, and has 
found that it has a tavourable effect upon the bacteria 
which cause the fixation ot nitrogen. 


MISCELLANEOUS. 


Method* of Analysing Sulphur. — M. G. Levi.— 
Caring’ method ot determining suipnur is not very accurate, 
being affected by a small positive error. Oxidation m a 
current ot oxygen provides an accurate and easy method of 
estimation, it the specimen is lairly pure, but is not satis- 
factory if appreciable quantities ot bitumen are present. 
The two best processes are oxidation with nitric acid and 
bromine, performed according to the author’s directions, 
and Fresenius’s method. — Annali dt Chtmtca AppUcata , 
I., IW. P- 9 - 

Determination of Free or Combined Glycerin. 
Application to Glycerophosphates.— M. Fran $01 * and 
E. Boismenu* — Free glycerin, alter having been deprived 
of all volatile substances such as alcohol and water, can 
be r e co gnised by the following reactions . — Transforms- 
tiraffoo acrolein by heating wuh potassium bisulphate, 
rid Coloration produced wuh acrolein and bisulphited 
rosaniline, transformation of red coloration into blue 


coloration by beat. The combined glycerin of glycero- 
phosphates can be characterised by the same method, and 
probably also that of lecithins. The oxidation ot free 
glycerin by chromic mixture gives cat bon dioxide and 
water only if a large excess of potassium bichromate is 
employed, concentrated sulphuric acid is used and boiling 
is continued long enough. In this case oxidation is com- 
plete, otherwise it is incomplete. Henner’s and Martin’s 
methods of dttei mining glycerin are accurate only if these 
conditions are fulfilled. Alter treating with chromic mix- 
ture the phosphorus of glycerophosphates can be deter- 
mined as magnesium pyrophosphate, and probably the 
phosphorus of lecithins can be estimated similarly— 
journal de Fhartnaete it de Chtmit , 1915, xi., Ho. 3 . 

Royal Institution.— The Day Lectures after Easter: 
—Banister Fletcher, three lectures, “ The War on Archi- 
tecture — (1) The War on French Architecture ; (2) The 
War on Rheims Architecture ; (3) The War on Belgian 
Architecture.” Prof Charles S Sherrington, two lectures, 
“The Animal Spirits.” Prof. Frederick Soddy, two 
lectures, “Advances m the study of Radio-active Bodies.” 
Prot. J. O Arnold, two lectures, “The Evolution of 
Steel Influence on Civilisation,” Prof. A, S. Eddington, 
two lectures, “The System of the Stars— (1) Star Colour 
and its Significance ; (a) The Stellar System in Motion.” 
Dr. A. W. Porter, two lectures, “Advances in General 
Physics.” Pi of. V. H. Blackman, two lectures, “The 
Movements and Activities of Plants.” Wilfrid Ward, 
three lectures, “ Method of Presenting Character in Bio- 
graphy and Fiction.” Lieut. Col. A. G. Hadcock, two 
lectures, “ Modern Artillery.” Prof. J. A. Fleming two 
lectures, “Photo electricity ”(the Tyndall Lectures). Dr. 
Martin 0 . Forster, two lectures, “Colouring Matters of 
the Organic World— (1) Colouring Matters of Nature ; (2) 
Dyes, the Creation of the Chemist.” Prof. Robert S. 
Rait, three lectures, “ Mary Queen of Scots — (1 and 2) 
Mary Stuart and Elizabeth ; (3) Mary Stuart and her 
Son.” The Friday Evening Discourses will begin on 
April 16. Mr. Stephen Graham, “The Russian Idea”; 
Major P. S Lelean, “ Military Hygiene at the War ” ; 
followed by Canon Pearce, S»r John Jackson, Sir Ernest 
Rutherford, Dr. H. Walford Davies, Profs. F. G. Donnan 
and 0 . W. Richardson, and Edward Heron-Alien. 
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THE WHEAT PROBLEM: 

Based on Remark* made in the Presidential Address 
to the British Association at Bristol in 1898. 

RBVI8BD WITH All ANSWER TO VARIOUS CRITICS 

By SIR WILLIAM CROOKES, F.R.S. 

SECOND EDITION. 

WITH PREFACE AND ADDITIONAL CHAPTER, BRINGING THE 
STATISTICAL INFORMATION UP TO DATE. 

With Two Chapters on the Future Wheat Supply ot the 
United States, by Mr. C. Wood Davis, of Peotone, 
Kansas, and the Hon. John Hyde, Chief Statistician 
to the Department of Agriculture, Washington. 


OPINIONS of the PRESS. 

M In this bulky volume Sir William reproduces the gist of 
the sensational Bristol Address, and supplements it with 
carefully prepared answers to his chief critics and confirm- 
atory chapters on the future wheat Bupply of the United 
States .”— Momtng Post. 

“ The appearance of the papers in this convenient form 
will be welcome to everyone who appreciates the import- 
ance of the problem.”— Scotsman. 
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THE NITROGEN OF PROCESSED 
FERTILISERS.* 

By ELBERT C LATHROP, 

Scientist m Soil Fertility Investigations. 

(Continued from p. 164), 

Monoamino Acids * — Although leucine and tyrosine, 
which are protein decomposition products, were found in 
about the same quantities, the methods of isolation were 
so fax from being quantitative that this relationship is of 
no significance. The isolation and identification of the 
other monoamino acids from the complex products of pro- 
tein hydrolysis can only be accomplished in the majority 
of cases by means ot the esterification method of Emil 
Fischer. This method is not a strictly quantitative one, 
and requires large amounts of materials tor a successful 
separation, and consequently was not used in this investi- 
gation. The use of methods other than that of esterifica- 
tion failed to isolate any other monoamino acid in 
quantities large enough for identification. As will be 
shown later, a number of monoamino acids besides the 
two isolated must be present in the processed goods. 

Establishing the presence of these products of acid 
hydrolysis of proteins, namely, the diamino acids, arginine, 
lysine, and histidine, and the two monoamino acids, 
leucine and tyrosine, in the amounts in which they were 
found, is of itself sufficient evidence to demonstrate that 
by the acid treatment of the crude materials used in the 
manufacture of the base goods the proteins contained 
therein have been changed. This change is shown to be 
a deep-seated one, since five of the compounds which are 
known to be final products of protein hydrolysis by acids 
are found. This, however, can not be taken to mean that 
the proteins have been completely hydrolysed by the acid 
treatment, since it is possible to have present in the pro- 
duct of partial hydrolysis of proteins not only the diamino 
and monoamino acids, but also such intermediate com- 
pounds as polypeptids, peptones, proteoses, &c. 

In this connection the results obtained by use of the Van 
Slyke method, which are given in Table V., are of par- 
ticular interest. As has been already stated, the base 
oods were extracted (1) with boiling water and (2) with 
oiling acid. In the former case, only slight further 
hydrolysis of the materials in the base goods is to be ex- 
pected, since the free acid in the fertiliser is extremely 
weak, and the boiling temperature, xoo° C,, is that which 
was reached in the process of manufacture. In the case 
of the second extract, complete hydrolysis of all the pro- 
teins or protein-like materials is certainly to be expected, 
since in addition to the original hydrolysis the material 
was boiled with strong hydrochloric add for twenty-four 
hours, which treatment in the case of most proteins is 
sufficient for complete hydrolysis. The differences in the 
results obtained from the analyses of the two extracts 
may, therefore, be expected to throw some light on the 
question of the completeness of hydrolysis of the original 
proteins by the acid processing. 

First, it will be noticed that total soluble nitrogen in the 
hydrochloric acid extract is 88*64 per cent of the total N , 
while that of the water extract is 85*24 per cent, showing 
a difference of 3*4 percent soluble N produced by further 
hydrolysis of the materials in the base goods. Corre- 
spondingly there is a decrease of insoluble N. There is 
an increase of 0*47 per cent amide N in the hydrochloric 
acid extract over that in the water extract. This is due to 


* Bulletin No. xsS, United States Department of Agriculture, 
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the splitting off of ammonia from some nitrogenous com- 
pounds by the hydrochloric acid, and suggests the presence 
of some product of partial protein hydrolysis tn the fer- 
tiliser which contains an acid amide linkage. 

Table V ,— Nitrogen forms as determined by the 
Van Slyke method . 

Results expressed in 



Results expressed in 

per cent o*f total N 

Form of per cent of base goods. 

in base goods. 

nitrogen. 

H a 0 

HC1 

HgO 

HC1 


extract. 

extract. 

extract. 

extract. 

Total N .. .. 

I *6 ro 

I*6io 

— 

— 

Total soluble N 

1*372 (a) 

1*435 

85*24 (a) 88 64 

Total insoluble N 

0 238 (a) 

i 0*175 (a) 

1476(a) 11*36 

Amide N . . 

0*374 

0*382 

23 23 

2370 

HuminN.. 

0*031 

0*074 

i*95 

4*61 

Diamino acid fraction — 




Arginine N .. 

o*iix 

0*104 

6 *8 q 

6*46 

Histidine N .. 

0*117 

0*070 

7*26 

4'3® 

Lysine N 

0*081 

0*1x7 

5*06 

7*26 

Monoamino acid fraction— 




Amino N . • 

o*543 

0*546 

33*75 

33*92 

Nonamino N . . 

0*114 

0*133 

7*10 

8*27 


(a) Obtained indirectly. 


The statement has already been made that nitrogenous 
compounds other than arginine, histidine, and lysine are 
included under the figures given for these compounds in 
the table. This is due to the fact that the phospho- 
tungstic acid, which is used as a precipitant of the diammo 
acids, also precipitates peptones, proteoses, & c., as well as 
the purine bases, cystine, and possibly other compounds. 
Since nitrogen compounds other than proteins existing in 
the original material, and susceptible to decomposition 
with hot acid, would have been already broken up in the 
processing, it follows that the changes produced by further 
boiling with acid would result from peptones, proteoses, 
&c. The difference noted between the results obtained 
from the two extracts for the diamino acids are therefore 
due to some interfering substances of the nature of pro- 
teins and not to such substances as the purines or cystine. 
Moreover, the latter compounds will produce the same 
relative error in analysis in the case of both extracts. 

Of the diamino acids the only one determined directly is 
arginine. Its determination depends on the fact that 
when arginine is boiled for some time with strong potas- 
sium hydroxide, half of the nitrogen of the arginine is split 
off as ammonia. However, if cystine is present 18 per 
cent of its nitrogen is evolved as ammonia, together with 
the arginine nitrogen. As has already been stated, this 
figure should be the same for the two extracts providing 
that there is present in the base goods no substance pre- 
cipitated by phosphotungstic acid, and giving off ammonia 
when boiled with strong alkali or strong hydrochloric acid. 
A comparison of the results obtained for arginine in the 
two extracts shows that the figure for arginine in the water 
extract is higher than that of the hydrochloric acid extract 
by 0*43. In other words, there appear to be present in 
the diamino acid fraction compounds which on boiling 
with alkali give off ammonia amounting to 0*22 per cent 
of the total nitrogen. These compounds are broken up by 
the further hydrolysis with acid. 

Further information may be obtained by a consideration 
of the figures for lysine and histidine, which are obtained 
not by a direct determination but by calculation from the 
figures obtained for arginine N, total N in the fraction, 
amino N, and non-amino N. Lysine contains only amino 
N, histidine contains one-third amino N and two-thirds 
non-amino N, while arginine contains one-fourth amino N 
and three-fourths non-amino N. Since histidine N Is in 
a measure obtained by difference from the non-amino N 
and the arginine N, according to formula (1) (see ante), 
it is evident that if there are precipitated by the phospho- 
I tungstic add compounds which contain non-amino N 
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other than arginine and histidine, such nitrogen will be 
classed as histidine N, because the arginine N is deter- 
mined directly. .. ... , . A 

A comparison of the results for histidine shows that 
tnere is a*88 per cent less N calculated as histidine in the 
hydrochloric acid extract than in the water extract, and at 
the same time there is an increase in lysine N in the hydro- 
chloric acid extract amounting to 2*20 per cent. This 
shows that by the hydrolysis with hydrochloric acid some 
substance which reacted as though it contained non- amino 
N has been decomposed, with the formation of an almost 
corresponding amount of amino N* Here again the indi- 
cations are that this substance is of the class of com- 
pounds related to the proteins. 

This is farther borne out by the fact that in the mono- 
amino acid fraction the nitrogen listed as amino N has 
increased in per cent 0-27 and the nitrogen as non-amino 
N has increased in per cent 1*17 by hydrolysis with hydro- 
chloric acid. 

A comparison of the figures for humtn N shows an in- 
crease of 2'66 in the hydrochloric acid extract, but since 
the nature of the compounds in which this class of nitrogen 
exists is not understood no interpretation can be given to 
this figure. 

Proteoses . — In order to prove the presence of some in- 
termediate product of protein hydrolysis, which is thus 
indicated by analytical methods, an aqueous solution of 
about 2*5 pounds of base goods waB made, and the di- 
amino acids were precipitated with phosphotung&tic acid in 
the presence of 5 per cent sulphuric aria. The precipitate 
which formed was allowed to stand over night, and after 
filtering off it was washed well with 5 per cent sulphuric 
acid. The precipitate was dissolved in sodium hydroxide, 
the phosphotungstic acid precipitate by adding barium 
hydroxide solution, and after filtering the excess of 
barium was removed by adding sulphuric acid until a 
neutral reaction was obtained. Portions of this solution 
were tested for peptones, proteoses, &c», with the follow- 
ing results : —The biuret test was positive ; a precipitate 
was obtained on saturation of the solution with ammonium 
sulphate or with sodium chloride ; when the filtrate from 
the latter solution was treated with acetic acid a cloudy 
precipitate developed. Precipitates were also obtained 
with sulphuric acid, hydrochloric acid, phosphomolybdic 
acid, ana with phosphotungstic acid. A precipitate was 
formed on the addition of alcohol to the solution. This 
precipitate was filtered off, dissolved in dilute alkali, and 
on addition of very dilute copper sulphate solution the 
biuret reaction was again obtained. These reactions are 
those which are given by proteoses and by the proteins, 
and confirm the conclusions arrived at from the results 
obtained with the Van Slyke method. The Millon reac- 
tion and the Hopkins- Cole reaction were both negative, 
showing the absence from this protein-like compound of 
the tyrosine and the tryptophane radicles. 

A very large number of compounds intermediary 
between the protein and its primary hydrolysis products 
may occur, depending on a great variety of conditions, 
so that the actual identification of the compound under 
discussion would be a difficult matter. However, the 
nature of this compound may be approximately deter- 
mined by the results obtained in the study of the two 
extracts by tire Van Slyke method. These results have 
been already discussed, and they indicate the presence in 
the base goods of a compound of a proteose nature, which 
because it gives a biuret test must be composed of at least 
three amino acids. The results indicate still farther that 
the compound is composed of acid amide radicles, diamino 
acids, particularly lysine and monoamino acids, those 
containing amino nitrogen, and especially those containing 
non-amino nitrogen. Since the figures obtained by the 
nitrogen partition method are subject to a certain amount 
of error when applied to such a mixture, the figures can 
only be taken as approximate for the various forms of 
nitrogen which make up this compound. 

The figures given for arginine in the table are probably 


only influenced by any cystine present. Attempts to 
isolate cystine from the base goods failed, although it 
seems unlikely that this compound can be absent. The 
figures for histidine and lysine are undoubtedly too high, 
since they include all of the other nitrogenous compounds 
precipitated by phosphotungstic acid, so that the absolute 
amount of these compounds in base goods can not be cor- 
rectly determined by this method. The figure given for 
the amount of amino nitrogen present as monoamino acids 
may be a little high, while the non-ammo nitrogen figure 
is open to considerable error. 

In Table VI. are given the primary hydrolysis products 
of a number of proteins which may be present in the base 
goods. These results were obtained by the esterification 
method, and show how the different proteins vary in the 
nature and amount of the unite composing them. Many 
monoamino acids besides leucine and tyrosine occur in 
these proteins, and there must consequently be present in 
the base goods amino acids other than the two Isolated. 
This is apparent from the composition of the various pro- 
teins shown in the table. Owing to the large amount of 
amide nitgrogen present in the Fertiliser, which was split 
off by the acidulation of the original proteins of the trade 
wastes, it may be concluded that considerable quantities 
of aspartic or glutamic acids are present in this sample of 
base goodB. 

The conclusions which are to be drawn from the results 
obtained by the examination of this fertiliser by means of 
the analytical and isolation methods are as follows : — The 
process by which the nitrogen of certain trade wastes— 
such as hair, leather, garbage, &c.— is made more avail- 
able is recognised as a process of partial hydrolysis of the 
complex protein contained in such materials, resulting in 
ammonia, amino acids, &c., all of which are more avail- 
able than the original protein material. This hydrolysis 
is almost complete, the nitrogenous compounds formed 
being principally the primary products of protein hydro- 
lysis, together with a small amount of proteose-like com- 
pound which has not been fully decomposed. 

Availability of the Nitrogen of Organic Fertilisers . 

The question of the availability of the different kinds of 
nitrogen contained in organic fertilisers is one that has 
caused considerable discussion. A number of methods 
have been proposed for determining this factor, and while 
some of them give helpful results, all excepting the plant 
method are open to more or less objection. The reason 
for this is that the methods are empirical and the nature of 
the complicated compounds in which the nitrogen is 
linked in the fertiliser is unknown or only guessed. When 
these nitrogsn compounds are known, and their action on 

lants as well as the action of the compounds which will 

e formed from them during their decomposition in the 
soil has been determined, then the question of the avail- 
ability of the nitrogen of organic fertilisers can be under- 
stood. Originally it was held that plants were only able 
to use nitrogen when it was offered to them in the form of 
nitrates ; this idea, however, was modified when it was 
discovered that under certain conditions plants used am- 
monia or ammonium salts without their conversion into 
nitrates quite as well as they used the nitrates themselves* 
During the past few years itfcasbeen clearly demonstrated 
that plants not only use nitrogen in the form of nitrates 
and ammonia, but that they can also use nitrogen in the 
form of complex organic compounds (Hutchinson and 
Miller, Centralb . /. Bakt ., 1912, xxx., 513 ; Schreiner and 
Skinner, 1912, Bui. 87, Bureau of Soils, U.S. Dept. 
Agr.). The action of a number of these nitrogenous com- 
pounds has been tested in this laboratory in conjunction 
with the three fertiliser elements, and it has been found 
that in some cases the nitrogen compounds are not only 
used as a source of nitrogen for the growing plant, without 
any change in the compound, but that these compounds 
were apparently nitrate sparers ; that is, the plant used 
them in preference to the nitrates. Instead, then, of only 
one kind of nitrogen compound, nitrate, or at most two, 
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1 able VI .— Products of Acid Hydrolysis of vinous Proteins . 



“ Synotin ” 

“ Keratin " 
from sheep's 

“Keratin * 

“ Keratin" 



“ Lerumin ” 
from 

Compound. 

from cattle 

from sheep's 

from horae'a 

Halibut 

Ox 


flesh. (a) 

horn, (&) 

wool, (c) 

hair, [d] 

muscle. («> 

muscle, if) 

pea (*) 

Glycine (A) . • . . . 

.. 0*5 

0*5 

0-6 

4*7 

0*0 

2*1 

°*4 

Alanine (A) 

4-0 

1*6 

4*4 

i *5 

(?) 

3*7 

2*2 

Valine 

o *9 

4*5 

2*8 

0*9 

o*8 

0*8 



Leucine (A) 

Iaoleucine . . 

7*8 

15*3 

«*5 

7*1 

io*4 

127 

8*o 

Phenylalanine (A) 

a*s 

i ‘9 

— 

0*0 

3*2 

3*2 

3-8 

Tyrosine (A) 

2*2 

3-6 

2*9 

3*2 

2*4 

2*2 

2*6 

Serine 

— 

X'l 

0*1 

o*6 

(?) 

(?) 

0*5 

Cystine . . . . 

— 

7*5 

7*3 

8*0 




Prohne . . . . 

3*3 

3*7 

4*4 

3*4 

3*2 

5*8 

3*2 

Oxyproline . . . 






Aspartic acid (h) 

°“5 

a*5 

2*3 

o *3 

2*8 

4*5« 

5*3 

Glutamic acid (A) 

23*6 

17*2 

12*9 

3*7 

10' I 

I 5*5 

27*0 

Tryptophane . . 
Arginine (A) 

S*i 

27 

— 

4*5 

6*4 

(+) 

7*5 

(+) 

1x7 

Lysine (A) . . . . 

Histidine (A) . . 

33 

0*2 

— 

2*1 

7*5 

7*6 

5*o 

2*7 

— 

— 

0’6 

2*6 

2*8 

27 

Ammonia (A) . . 

09 

— 

— 

— 

1*4 

2*2 

2*2 

Total . . . . 

47'3 

6a 3 

49*2 

39-6 

507 

67*5 

62*4 


(4) E. Abderhalden and T. Saaks (Zeit. Phys. 
Chem., 1907, li., 404). 

(a), (h), (c) E. Abderhalden and A. Voitinovici (Zeit. Phys. 
Chern ., 1907, HI., 34$). 

(d) E. Abderhalden and H. G. Wells (Zeit. Phys . 

Chem., 1905, xlvi., 31) ; A. Argiria (Ibid., 
1905 > liv.» 86). 

(e) T. B. Osborne and F. W. Heyl (Am. youm. 

Phys., 1908, xxii., 433). 


(f) T. B. Osborne and D. B. Jones (Am. youm . PAyr., 

1909, xxiv., 437). 

(g) T. B. Osborne and F. W. Heyl Biol. Chtm 

1908, v., 297). 

(A) Physiological action on plant growth has been deter- 
mined and reported in Bull 87, Bureau of Soils, 
U.S. Dept. Agr. 


nitrate and ammonia, there appears to be a very large 
number of nitrogenous compounds which have properties 
of physiological importance to plant growth. The question 
of the availability of nitrogen compounds can therefore be 
answered only when the nitrogen compounds contained in 
the fertiliser can be determined in amount and at the same 
time classified according to their physiological action on 
plant growth. It is hardly necessary to state that such a 
method does not exist at present, and that the physio- 
logical action of only a part of the total number of nitro- 
genous compounds present in fertilisers is known. 

The physiological action on plants of all of the nitro- 
genous compounds isolated from base goods has been 
determined by means of water cultures (Bui. 87, Bureau 
of Soils), and the results obtained may be stated 
briefly as follows:— Both of the purine bases are 
used by the plant as a source of nitrogen, and are bene- 
ficial to plant growth ; furthermore, the hypoxanthine acts 
as a nitrate sparer, there being less nitrate used by the 
plant in the presence of hypoxanthine than when the . 
hypoxanthine is absent. Histidine, arginine, and lysine | 
(unpublished data) are all beneficial to plant growth, . 
causing nitrogen increases in the plant, and the two 
firbt diamino acids act as nitrate sparers ; this may also 
be true of lysine, although this property of lysine has 
not been studied. Leucine is also beneficial to plant 
growth, and tyrosine in the light of later investigations 
Is somewhat doubtful in action. Of the other monoamino 
acids which may be present in base goods, aspartic acid, 

f lutamic acid, and glycocoll have been found to be bene* 
ctat. The action of alanine is somewhat doubtful, it 
apparently being beneficial in low concentrations, and the 
action of phenylalanine is reported as harmful. Thus we 
see that six of the seven compounds isolated from the base 
goods are actually available to plants as such, and have a 
beneficial action. Of the monoamino acids, other than 
the two isolated from base goods, which have been studied 
in regard to their action on plant growth, three have been 
found to be beneficial, one doubtfal, and one is reported 
as being harmful, 


The high-grade nitrogenous fertilisers, such as dried 
blood, are considered to have a high availability owing to 
the fact that the nitrogenous materials when placed in the 
soil quickly undergo the process of ammonification and 
nitrification, the nitrogen thus being changed into a form 
which can be immediately used by the plant. In fact, 

’ Lipman (Bui. 246, 1912, New Jersey Expt. Sta.) has 
proposed a method for the determination of the avafl- 
' ability of the nitrogen of organic fertilisers, depending on 
the amount of ammonia produced under certain conditions 
in a given length of time. It is evident from the above 
consideration that such a method does not tell the whole 
story, since in the decomposition of protein materials like 
dried blood intermediate compounds are formed which are 
undoubtedly in themselves beneficial to plant growth. In 
order, therefore, to understand the complete action of the 
nitrogenous materials in the base goods it is necessary to 
know how the compounds contained in it are acted upon 
by ammonifying bacteria. Jodidi (Research Bui. No. 9, 
Iowa Expt. Sta.) has shown that the amino acids and acid 
amides are quite readily ammonified when placed in the 
soil, the rate of ammonia formation and the amount of 
ammonia formed depending apparently upon the chemical 
structure of the particular compound under consideration. 
In general he found that the simpler the chemical structure 
of the nitrogen compound the more quickly and readily it 
was ammonified. In the light of these facts it appears 
that polypeptide, peptones, proteoses, and proteins would 
be ammonified still more slowly than the amino acids, 
since their structure is increasingly more complex. 

Hartwell and Pember {Joe. c it.), in their study on the 
availability of the nitrogen of base goods, by means of 
plant tests found that it had apparently as high an avail- 
ability as dried blood ; the water soluble nitrogen having 
even a higher availability. From the nature and amounts 
of the compounds present in the base goods this might be 
predicted. In the case of the dried blood the nitrogen is 
practically all in the form of complex protein material, 
which must be broken down into simpler compounds by 
bacterial action, with the formation of ammonia and other 




17 2 Separation and Estimatiyn ot Aluminium Associated with Iron. 


nitogenous compounds, some ot all of which may be of 
physiological importance to plants. With the base goods 
the case is a little different. The greater part of the 
nitrogen is at onre available for plant use, and at the same 
time these available compounds may be changed more 
easily and quickly by the bacteria of the soil into ammonia 
and nitrate, which in turn are used by the plant. The 
soluble nitrogen of base goods should, therefore, be in a 
more readily available form than the nitrogen of dried 
blood or other nitrogenous fertilisers which are entirely of 
a protein nature. 

(To be continued). 


THE SEPARATION AND ESTIMATION 
OF ALUMINIUM ASSOCIATED WITH IRON, 

BY THE ACTION OF ACETYL CHLORIDE 
IN ACETONE. 

By H. D. MINNIG. 

Water becomes so modified as a solvent for barium 
chloride when hydrogen chloride is dissolved in it to 
saturation that this salt, which is easily soluble in pure 
water, dissolves in the saturated aqueous hydrochloric acid 
only in the proportion of i to about 20,000 parts. The 
addition of ethyl ether to the concentrated aqueouB hydro- 
chloric acid thus produced so diminishes the solvent 
action of the mixture upon barium chloride that the salt 
will then dissolve in the proportion of z to about 120,000 
parts. Barium chloride may therefore be separated with 
accuracy from the ether-hydrocbloric acid solution of the 
chlorides of calcium and magnesium which remain soluble 
in high degree, as was shown in a former paper from the 
Kent Chemical Laboratory of Yale University (Mar, 
Am . Joum, Sei. t 1892, [3], xliii., 521}. 

Aluminium chloride, as was subsequently shown (Gooch 
and Havens, Am . Joum. Sci., 1896, [4], ii., 4x6), may be 
similarly precipitated by thorough saturation of the cooled 
aqueous solution after addition of an equal volume of 
ether, and effectively separatedirom iron, and by the same 
procedure aluminium may be separated from beryllium, 
zinc, copper, mercury, and bismuth (Havens, Am . yourtt. 
Set., 1897, [4], iv , 111 ; 1898, vi., 45). 

Instead of charging the water solution with gaseous 
hydrogen chloride that reagent may be produced by the 
action of acetyl chloride upon the water, and this reaction 
has been tested more recently in its application to the 
precipitation of barium chloride (Gooch and Boynton, Am. 
Joum. Sci 1911, [4], xxxi., 212)— inconvenient violence 
of reaction being moderated by acetone, which mixes in 
all proportions with both acetyl chloride and water, and 
by itself exerts no appreciable solvent action upon 
hydrous barium chloride. 

The present paper is the account of results obtained in 
applying the acetone acetyl chloride mixture to the pre- 
cipitation of aluminium as chloride, and the separation of 
that element from iron. In preliminary experiments it 
was found that the hydrous aluminium chloride, 
AICI3.6H2O, may be precipitated completely by the 
'[4:1] acetone-acetyl chloride mixture, and after careful 
drying may be converted directly to the oxide by ignition. 
In the quantitative experiments recorded below the 
aluminium chloride, prepared by saturating a strong solu- 
tion of the commercial salt with gaseous hydrogen chloride 
and washing with concentrated hydrochloric acid until 
free from iron, was dissolved in water, and the solution 
was standardised by precipitating the aluminium hydroxide, 
igniting, and weighing the oxide. The acetone-acetyl 
chloride mixture was made up in the proportion of four of 
acetone to one of acetyl chloride. In each experiment a 
portion of the standard solution was measured from a 
pipette into a small beaker, and evaporated on the t team- 
bath to the smallest possible volume. To the con- 
centrated solution, cooled by immersing the beaker in 


running water at a temperature of about 15 0 , or in ice-water, 
the acetone-acetyl chloride mixture was added drop by drop, 
with stirring, to the amount of 15 cc. to 20 cc. The pre- 
cipitate was transferred to a perforated crucible, washed 
with the precipitating mixture, dried for ten or fiiteen 
minutes high above a low Bunsen flame, which was 
gradually increased to its fullest heat. Covering the pre- 
cipitate with red mercuric oxide (to prevent mechanical 
loss during the ignition), and igniting under a good draft- 
hood was tried in a few cases, but without advantage over 
the simpler method. The results of experiments made 
with the pure aluminium chloride are given in Table I. 

In Table II. are given the results obtained by similar 
procedure in the precipitation of the aluminium chloride 
from solutions containing also known amounts of ferric 
chloride. 


Table I. 


Solution of 

A l a O* 

FeaOs used, 



AICI3 6H a O 

by . 

present as 

AlaOa 

Erior. 


taken. 

standard. 

chloride. 

found. 



Cc. 

Grm. 

Grin. 

Grm. 

Grm. 


5 

0-0213 

— 

00213 

— 


5 

0-0213 

— 

00212 

- 00001 


5 

00213 

- 

0*0213 

— 


5 

0 ‘Q 2 I 3 

— 

0*0214 

+ 0*0001 


5 

0*0213 

— 

0*0215 

+ 0*0002 


10 

0*0426 

■— * 

0*0426 

— 



Table II, 




5 

0*0213 

0*0293 

0*0215 

+ 0*0002 


5 

0*0213 

O 0293 

0*0211 

- 0*0002 


5 

0*0213 

0*0293 

0*0213 

— 


5 

0*0223 

0*0293 

0*0212 

— 0*0001 


5 

0*0213 

0*0293 

0*02X3 

— 


5 

0*0213 

0*0293 

0*0214 

+0*0001 


10 

0*0426 

0*0293 

0*0426 

— 


10 

0*0426 

0*0586 

0*0425 

-0*0001 



Table HI. 




15 

0*0592 

0-0373 

0*0597 

+0*0005 


15 

0*0592 

0-0373 

0*0602 

+ 0*0010 


IS 

0*0592 

00746 

0*0600 

+ 0*0008 


IS 

0*0592 

0-0746 

0*0602 

+ 0*0010 


15 

0*0592 

0-0373 

0*0603 

+ 0*0011 


IS 

0-0592 

00373 

0*0606 

+0*0014 



Table IV. 



Z. 

15 

0*1661 

0 0373 

0*1662 

+ 0*0001 

2. 

15 

0*1661 

0*0746 

o*x666 

+0*0005 

3 - 

15 

0*1661 

0*1492 

o*i66r 



4 * 

30 

0*1854 

0*0746 

0*1852 

- 0*0002 

5 * 

30 

0-1854 

0*1119 

0*1860 

+ 0*0006 

6. 

30 

0-1854 

0*1865 

0*1862 

4 o*ooo8 

7 * 

30 

0*1854 

0-1865 

0*1856 

+ 0*0002 

8. 

30 

0*1854 

0*3730 

0*1856 

+ 0*0002 

9 ' (*) 

30 

0*1854 

0-2611 

0.1856 

4 0*0002 

10. {a) 

30 

0-1854 

0*3730 

0*1839 

-0*0015 

II. 

45 

0*2781 

0-0746 

0*2779 

- 0*0002 

12. 

45 

0-2781 

0*0746 

0*2787 

+ 0*0006 


(a) After decanting the acetone acetyl chloride solution 
of iron through the filter and washing the pre- 
cipitate of the hydrous aluminium chloride with 
the precipitating mixture to remove as much of the 
non sb possible, the precipitate in the beaker was 
dissolved in the smallest possible quantity of water, 
and re-precipitated by the acetone-acetyl chloride 
mixture. There is great danger of mechanical loss 
due to the creeping tendency of the ferric chloride 
m acetone-acetyl chloride solution, and the separa- 
tion is sharp enough to obviate any necessity of the 
second precipitation to avoid danger of inclusion of 
the iron, 9 
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In the experiments of Table II. the iron was precipitated 
by NH4OH after cautiously diluting the filtrate with 
water, and then determined gravimetrically as the oxide. 
The error of the results ranged from +00004 S rm * to 
+0*0013 grm. in teims of ferric oxide. On investigation 
this was found to be due to ferric phosphate derived from 
the phosphorous compounds used in the preparation of the 
acetyl chloride. 

Since the precipitation of the aluminium was quantita- 
tive and rapid, and iron could be determined easily other 
than as the oxide, larger quantities of aluminium were 
used with measured quantities of ferric chloride without 
determining the iron in the filtrate. With the use of 
larger quantities of the acetone-acetyl chloride solution 
necessary for the increased amount of the salts, the 
alunrnium chloride precipitate also began to include 
phosphate appreciably, as is shown in Table III. 

Many efforts were made to purify the contaminated 
acetyl chloride, by redistilling after refluxing (for six 
or seven hours) with a return condenser over sodium | 
acetate (Richter t 1909 edition, i., 301) ; over manganese 
dioxide, or over lead dioxide ; but the product in every 
case gave a test for phosphoric acid when hydrolysed with 
water, evaporated with nitric acid, and treated with the 
solution of ammonium molybdate m nitric acid. Phos- 
phorus-free acetyl chloride was finally prepared by passing | 
a rapid stream of hydrogen chloride either through a mix- 
ture of glacial acetic acid and phosphorus pentoxide 
(Richter, i., 300), or, preferably through purified acetic 
anhydride kept at ioo° (Beilstein’s M Handbucb,” i M 462). | 
Distillation over anhydrous sodium acetate easily removes 
contaminating phosphorus compounds from the acetic 
anhydride. 

Satisfactory results were obtained by the use of 
the pure acetyl chloride when as much as 1*3 grm. of 
the AICI3 6H 2 0 was present in a mixture of 2 grms. of the 
hydrous chlorides. No determinations of the iron in the 
filtrate were made when the pure acetyl chloride was used 
(see Table IV.). 

The precipitation of hydrous aluminium chloride by the 
use of the acetone-acetyl chloride [4:1) mixture is very 
simple, quick, and accurate, and affords an easy method 
for the exact determination of aluminium associated with 
iron. 

In conclusion, it remains to thank Prof. Gooch for his 
kind advice and suggestions throughout the course of the 
work. — American journal of Science , xxxix., p. 197. 


THE ELECTRO - TITRAMETRIC METHOD 
AND ITS APPLICATION TO GENERAL 
ANALYTICAL CHEMISTRY.* 

By F. H. HESSELINK VAN SUCHTELEN and ARAO ITANO. 

Since the time of the first use of the empirical normal 
solutions of Giy-Lussac and the introduction of present 
normal solution of Ure, volumetric analysis has never 
received such a strong impulse as that through the applica- 
tion of physical chemistry. This is especially true for the 
volumetric determinations of acids and bases, in so far as 
the nature of neutralisation is now clearly understood. 
Our knowledge of the rble which indicators may play in 
neutralisation has been increased in recent years very 
markedly by the introduction of the dissociation theory. 
We do not consider that this is the place to go into a dis- 
cussion of indicators, but it will suffice to say here that 
with the knowledge of the necessary facts, especially of 
dissociation constants, we may occasionally predict 
whether an indicator is applicable in a special case or not. 

In spite of the fact that in recent times the theoretical 
knowledge of the colour indicators has been considerably 
increased, and here and there practical applications drawn 

* From the Journal of the Amenran Chemical Society ^ xxxvx., No. 9. 


from those principles have been made, there are still, as 
every analytical chemist knows, many embarrassing and 
unmanageable difficulties to contend with. 

We can only touch upon a few of those difficulties. For 
instance, the personal equation which can cause an error 
of 1 cc. in a o*oi/N solution, and further the difficulty 
encountered with a liquid which possesses a colour that 
may interfere with the recognition of the indicator, and 
those complications which may arise in the case of very 
dilute solutions. These are only a few of the reasons why 
the application of indicators in the general analytical field 
of chemistry is rather limited, It is therefore not 
unexpected that attempts have been made to overcome 
these difficulties by the introduction of another type of 
indicators which are dependent on and indicative of the 
physico chemical changes in the solntion. 

W. BSttger some years ago, in the case of coloured or 
turbid solutions in which the change of colour of an 
indicator would be more or less masked, recommended the 
use of the electrometer ( Zeit . Phys. Chem.y 1897, xxiv., 253). 
It must be said, however, that determinations with this 
instrument are more laborious, and that such measure- 
ments are less familiar to chemists than the determination 
of conductivity. It is the merit of Kuster and hia associates 
(F. W, Kuster, M. Gruters, and W. Geibel, Zeit. Anorg. 
Chtm.y 1904, xlii. , 225) to have shown that such titrations, 
which cause great difficulty and uncertainty, could be made 
with a high degree of accuracy if, instead of depending on 
the change of colour, use was made of the change of 
physical-chemical property (electrical conductivity) of the 
liquid by the process of neutralisation. We may conclude 
from their work that the point of neutrality between 
strong acids and bases can be determined much more 
exactly by conductivity methods than by the use of 
indicators. Also, if weak acids were used, as, for example, 
tartaric and acetic acids, which, as is well known, have 
caused so many difficulties by the ordinary titration 
method, sharp and good results were obtained by the use 
of the conductivity method. The point oi neutralisation 
of red wine by means of the conductivity determination 
was much more definite than if determined by titration 
with litmus. The attempt was also made by them to 
titrate four quinine derivatives by the electro-conductivity 
method with good success. Further, Duboux and Dutoit 
have used this conductivity titration in many of their 
special researches in wine analysis {Jourtt. Suisse de Chim . 
et Pharm.y 1908, p. 690). From their interesting work, 
which treats especially the organic acids in wine, we may 
say that the conductivity titration has proved here also to 
be a very successful and helpful aid in chemical analysis. 

The preparation of exact ammonium citrate solution, 
which previously gave rise to difficulties, has been solved 
by the application of the above mentioned method by Hall 
and Bell, who showed by this method an exactly neutral 
solution of ammonium citrate was easily prepared (Joum. 
Ind. Eng . Ckem igrx, iff., 559). 

In our analysis of soil solutions, we bad already used 
the method of titration by conductivity in determining the 
acid and basic binding capacity of such solutions (52nd 
Ann. Rept . Mich . Board of Agr.> 1913, p. X49). We feel 
that it would be superfiuous here to go into the funda- 
mental principles underlying this method of analysis, since 
they may be considered to be the common property of the 
analytical and biological chemists, and there is no lack of 
excellent manuals dealing with the practical phases of 
measurements of electrical conductivity. We will there- 
fore confine onrselves to a brief summary of results, and 
call attention to precautions necessary in carrying out our 
technique. 

It must be said that in the execution of such con- 
ductivity titrations, certain precautions have to be fol- 
lowed. These will be treated very briefly because soch 
rules can be deduced easily from tbe theoretical basis of 
the applied method and from hydrolysis. 

It is quite evident that in most of our experiments a 
determination of the cell constants did not need to be con- 
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gidered, because it was only necessary to have the relative 
bridge readings. An exception, however, wag made in the 
case of physiological liquids, such as urine and milk, 
because such determinations of Bpecific conductance may 
be of special clinical value* 

Because of the fact that electrical resistance varies 
greatly with temperature, greatest care must be taken that 
the solutions are not subjected to changes of temperature 
at the time of titration. In our case the conductivity cup 
(filled with vertical electrodes) stood deep in a large 75 
litre water-bath, and throughout the time of titration the 
cup remained in the liquid. The cup was agitated by 
gentle shaking in order to facilitate rapid intermixture. 



-Neutralisation of strong acid by strong base. 
In cup 10 cc. o’ooi/N H2SO4. 

Titrated with o-gi/N NaOH. 


In cup 10 cc. o’ooi/N H2SO4. 
Titrated with o*oi/N NaOH. 

Readings, 


No I. 



Fig. 3. — Neutralisation of a weak acid (lactic acid) by 
o-i/N NaOH. 

In cup 5 cc. o-i/N NaOH (and phenol- 
phtbalein. 

Titrated with 0‘5/N C3H0O3. 



Readings. 

0 

457 '5 

°’5 

335*5 

i*5 

. . 220*0 

2 0 

* • 2275 

3° 

- 245*0 

Theoretically, 1 cc. Found, 

1 cc. Turning point 

phenolphthalein, 1*07. 



Fig. 4. —Determination of malic, tartaric, and succinic 
acids. 

In cup 5 cc. o'i/N tartaric) and . 4 ? c . c * 95 P er cent 
5 cc. o-i/N succinic [ ft aIc p ° r hol ;« . 

10 cc. O'l/N malic 0 0^ P * ° * 

Titrated with o*5/N barium acetate. 



Readings No, z. 


Readings No. s 

0 cc. 

•• •• 375 

occ. 

•• •• 377*5 

1 cc. 

. . . . 380 

2 cc. 

.. .. 401-5 

2 CC. 

.. .. 385 

4 cc* 

- . . 43»*9 

3 cc. 

.. .. 390 

5 cc. 

. . . . 448*0 

5 cc. 

•• •• 4»5 

Total 

acids— succinic, 

6 cc. 

•• 435 

as No. x plus 1 cc. 36 

Total 

acids, 

per cent acetic acid. 


To relieve the operator of the tedium and strain of 
acute^ listening through the telephone receiver, we have 
substituted in many of our experiments, especially where 
dilute solutions were employed or a high degree of 
accuracy was required, an alternating current galvano- 
meter which permitted far sharper determinations to be 
made. The use of such a galvanometer is advisable, but 
not essential. 










C *|“JS*9 Electro-titrametnc Method in General Analytical Chemistry, 


'75 


To those familiar with this field of work, this short 
introduction does not claim to disclose any new point of 
view, nor, for those not so well versed in these subjects in 

? uestion, do we attempt an exhaustive presentation of the 
undamental supporting theory. 


JW 

600 
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MO 


1 ' 

— ’ 

— 





is 

££ 


££_ 

—J. 



Fig. 5.— Determination of Cl. 
In cup zo cc. o'x/N KC 1 . 
Titrated with 0*5 'N AgN 0 3 . 



Readings 

0 cc. . . • . * * 

. . . . 592 

0*5 cc. . . • . 

. . . . 586-5 

0*955 cc 

.. .. 5823 

2*000 cc 

.. .. 576 

2*55 • • * * 

. . . . 629-5 

3*00 cc 

.. .. 668-3 


Theoretically, 2 cc. • 35*46 mgrms. Cl. Found, 
2 cc. 35*46 mgrms. Cl. 



Fig. 6.— Determination of SO4. 
In cup 5 cc. 01/N K2SO4. 
Titrated with N/3 Ba(N0 3 l2. 


o cc. . . 
1*06 cc. 
2 005 cc. 
2*986 cc. 


Readings. 

463*0 

452*1 

485*0 

567*8 


Theoretically, 1*52 cc. - N/3 Ba(N 0 3 ) 2 « 240*175 
mgrms. SO4. Found, 1*58 cc. * 240*175 mgrms. 
SO4. 


500 
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Fig. 7. — Determination of PO4. 

In cup zo cc. o'i/N (NH 4 ) a HP 0 4 . 
[Titrated with o*25'N UO a \CH 3 COO) 2 . 

Reading**, 


O CC 466*5 

x*5 cc 375 

3*o cc 3 11 

4*0 cc. 3 10 

5*0 cc 310 


Theoretically, 2*5 cc. contains 31*68 mgrms. P 0 4 . 
Found, a*5 cc. coitams 3X 68 mgrmB. P 0 4 . 



Fig. 8. — Determination of N 0 3 . 


In cup 5 cc. o*i/N NaN 0 3 . 

Titrated with 0*25, N C 20 Hi 6N 4 (addition of 
1 drop z : 1 H a S0 4 ). 

Readings 


O cc. . 
1*5 cc. 
2*5 cc. 
3*5 cc. 


40X 

297*5 

257*5 

2450 


Theoretically, 2 cc. «■ 31*005 mgrms. NO, Found, 
2 cc. • 31*005 mgrms. N 0 3 . 


We will now proceed to consider the individual curves, 
and there, as the case may arise, enlarge upon certain 
features necessary to an understanding of the subject. 
We deem it advisable to start with the most simple case in 
our analysis, namely, the titration of acids and bases, 
because they may be considered as the basis of our work. 

In the preceding paragraphs we have discussed some of 
the typical features and peculiarities of this special con- 
ductivity titration. Let us turn now to a comparison of 
the accuracy of this method with that of a colour indicator. 
We see at once that the values for neutrality, as obtained 
by means of phenolphthalein, are all without exception 
more alkaline than those determined from the conductivity 
titrations. 

The question now arises, M Which method gives the 
neutral point with greater accuracy ? ” In deciding this 
question, use was made of the indicator table so thoroughly 
worked out by Sorensen. It was easily demonstrated that 
by the use of an appropriate indicator with a sharp colour 
change at the neutral point, results were obtained which 
agreed with the conductivity titration. Besides this, it is 
; a well-known fact that the neutral point of phenolphthalein 
is decidedly alkaline. 

It must be noted here that of the above curves, only one 
(No. x) was made by an experimenter who was familiar 
with conductivity titrations. The others were all worked 
out by men performing the experiment for the first time. 
This fact leads to an important feature of the conductivity 
titration, namely, that the influence of the subjective factor 
which necessarily enters into every chemical analysis is 
here minimal. This fact will be borne out by a consideration 
of the above curve. 

It should be added that many of these curves were made 
without the use of a galvanometer. It is evident that the 
use of this instrument will still further minimise the 
influence of the personal equation. The significance of 
this elimination is emphasised, on the contraiy, by a 
glance at the varying results obtained by different experi- 
menters using phenolphthalein — an indicator noted for the 
sharpness of its colour change. 

As may be seen from the graphs, it is an a priori fact in 
conductivity titrations that they are not characterised, as 
are the colour indicator titrations, by a total dependence 
on one single point at which the colour changes. The 
conductivity titration, on the contrary, is typified by lines, 
each line being fixed and determined by a series of points, the 
number of which is under the control of the experimenter. 
We consider this to be an important advantage over the 
colour indicator method, for many interesting deductions 
can be drawn from such curves. 

In regard to the point of inflection, we may say that it is 
sharply defined and determinable with exceeding pre- 
cision, As an illustration of this, the graph (Fig. 2} may 
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serve. In this case 0*001 N 5 cc. H2SO4 were titrated 
with O'oi/N NaOH. Even in this concentration the 
result was satisfactory. 

In the experiment (Fig. 3) the electro-titrametric method 
was employed for the titration of a weak acid (lactic acid) 
with a strong base (NaOH) -a titration which had 
hitherto been attended with many difficulties. 

The amount of lactic acid was determined by the 
formation of its zinc salt, and, in accordance with this, a 
normal solution was prepared (theoretical inflection point, 
z cc. ; found, x cc.). Here again, as in the experiments 
described in the foregoing, the electro-titrametric method 
proved to be of especial value, because of the high degree 
of precision with which the neutralisation point was 
obtained. It is to be noted here that the titration in this 
case was performed in the reverse of the usual manner ; 

the NaOH was placed in the conductivity cup and the 
acid was added to it from the burette. The reason for this 
procedure is at once evident and requires no comment. 

The graph (Fig. 4) is an illustration of the determination 
of various organic acids (malic, tartaric, and succinic). It 
is interesting to note that in the case where no acetic acid 
was added (No. x), the result was in perfect accordance 
with the total amount of acids present. In the determina- 
tion, however, when an addition of acetic acid had taken 
place (No. 2), only tartaric acid and maleic acid showed 
their presence. 

Up to now we have considered simply the determination 
of neutralisation points. This naturally is the most 
ordinary kind of determination to make first, but in no way 
marks the limitation of the sphere of usefulness of the 
method. We feel confident that the electro-titrametric 
method will find a constantly widening field of application, 
and this will naturally be a source of personal gratification 
to us, should it prove to he the case. The experiments 
which we have performed are necessarily limited in 
number and kind, being confined to the determination of 
those elements and radicals known to be of particular 
importance in general and biological chemical analysis. 

At this juncture we wish to emphasise two points that 
strongly commend this method, namely, accuracy and 
ease of performance. The element* and radicals included 
in our determinations were Cl, Ag, SO4, Ba, U, PO4, N 0 3 , 
K, Ca, Fe". 

In the first determinations of those element* and radicles, 
we aimed to test the method as to its application and 
limitations, and we used therefore chemicals of highest 
purity (Kahlbaum), even going so far as to check their 
purity by standard methods of analysis. 

The first of these experiments was a determination of 
Cl in KCl by means of AgN 0 3 . Fig. 5 shows the sharp- 
ness and precision which characterises the determination. 
The value obtained by the conductivity titrations coincided 
exactly with the theoretical value (theoretical, 35*46 mgr ms. 
Cl; found, 35*46 mgrms. Cl). 

The next analysis was the determination of SO4 in 
K2SO4. In the cup was 10 cc. N/10 KaS 0 4 . This was 
titrated with N/3 Ba(N0 3 )2 (Fig. 6). 

At this point attention should be called to the fact that, 
in order to obtain the highest degree of precision, we 
introduced, in many instances into the cup, a very small 
portion of the salts yielding the precipitation to be 
expected. It will be seen that in addition to what has 
been said already, the analvsis of K2SO4 by the electro- 
titrametric method does away with the laborious processes 
of precipitation, incineration, and weighing, and avoids the 
many opportunities for error engendered by these 
operations. 

Tne next determination was that of PO4 in (NH 4 ) a HP04, 
the titration being formed with uranium nitrate as reagent. 
A glance at Fig. 7 shows that the analytical result agrees 
exactly with the amount introduced. This analysis in 
particular is noteworthy because of the fact that in using 
the ordinary indicators (cochineal or potassium ferro- 
cyanide) the turning points are not very definite, and, in 
general, leave much to be desired. 


Another electro-titrametric determination was that of 
NO3 in a solution of NaNO* (a salt which may be looked 
upon as chemically pure Chili saltpetre), containing also 
tree H2SO4 (Fig. 8). This solution was titrated with a 
O'25/N solution of nitron in acetic acid. In this experi- 
ment, where the theoretical amount of nitrate present was 
31*005 mgrms., the electro-titrametric method again 
showed perfect coincidence. A differential determination 
of nitrates and nitrites is possible by the use of hydrazine 
sulphate. 

(To be continued). 


PURE BREAD AND FLOUR. 

Memorial to the Right Hon. Herbert Louis Samuel, 

P.C., M.P., President of the Local Government Board. 
As bread and flour form about two-flfthB of the weight of 
food consumed by the working classes, and constitute the 
principal diet of many poor children, it is of the utmost 
impoxtance that the people should be able to obtain bread 
made from genuine whole meal or wheat meal (a grade 
from which a little of the coarse bran has been removed) 
ground to a uniform fineness, so that the digestive juices 
can surround the particles and extract their nutriment. 

When these meals cannot be assimilated, it is advis- 
able to encourage the use of household flours containing 
the maximum nutriment of the wheat grain that can be 
obtained with a smaller amount of indigestible woody 
I fibre. 

The Council of the Bread and Food Reform League 
and a number of ladies and gentlemen consider that the 
distress caused by the war and the increased cost of food 
make this subject of such urgent and national importance 
that they venture to bring under the notice of the Presi- 
sident of the Local Government Board the desirability of 
encouraging the consumption of these breads. 

Recent scientific investigations prove that 6erious disease 
is produced by minute alterations m food stufib, and that 
the vitamines found in whole meal, wheat meal, and old- 
fashioned household flour (but removed from fine white 
flour), are most important elements of nutrition when 
bread forms the principal food. 

As practical experience shows the beneficial results 
secured by the use of these breads when genuine, the 
memorialists wish to also urge the importance of measures 
being taken to prevent the abstraction, without notifica- 
tion to the public, from whole meal, wheat meal, and 
household flours of the “ germ ” of wheat, and the strong 
gluten found in flours commercially designated “patents,” 
used for the production of expensive breads. 

Suggestions made by the Council of the Bread and 
Food Reform League in connection with the fore- 
going Memorial. 

(1). The Council desire to direct attention to the $reat 
importance of measures being taken to prevent flour being 
artificially bleached with chemicals. If this cannot at 
present be accomplished, the Council wish to inquire if it 
would be possible, by an Order of His Majesty in Council, 
or in virtue of the powers now given to the Government, 
to make it obligatory that all flours artificially bleached 
with chemicals or containing so-called “improvers,” 
baking powders, or other chemical ingredients, shall have 
a notification of this fact on the sacks in which they are 
Bold, and that bakers using such flours shall state promi- 
nently in their shops that their bread is made from 
bleached flour or contains chemical ingredients, in the 
same way as a notice about the use of sterilised cream 
is shown in dairies. 

Enormous quantities of flour are now bleached arti- 
ficially by a chemical process which is condemned by 
most eminent scientists and by a large number of millers. 
“ Bleached flour cannot be supplied under any conditions 
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to American citizens, but can be sent abroad to those 
foreign countries whose laws allow it to be dumped upon 
them. Of these our own country is one” (Benjamin 
Moore, M A., B Sc., F.R.S.). Bleaching confers no ad- 
vantage in nutritive properties or flavour upon the flour. 
It simply enhances the profits of the millers. It is of no 
value, and the large sum spent upon bleaching flour is a 
national waste. 

The Bread Act in Section II. provides that bakers shall 
make bread of flour or meal with “ any common salt, pure 
water, eggs, milk, barm, leaven, potatoes, or yeast, and 
mixed in such proportions as they shall think fit, and with 
no other ingredient or matter whatsoever, subject to the 
regulations hereinafter contained.” 

Section VIII. provides that no baker “ shall at any time 
or times in the making of bread for sale use any mixture 
or ingredient whatsoever in the making of such bread 
other than and except as hereinbefore mentioned on any 
account or under any colour or pretence whatsoever.” 

Millers or bakers who add anything but the above- 
mentioned ingredients to meal or flour or bread can by 
this Act, which has not been repealed, be punished by a 
fine. 

(2) . The Council wish also to suggest that the Local 
Government Board might advise relief committees, chil 
dren’s care committees, institutions, &c., to use a bread 
made from finely ground genuine whole meal, wheat meal 
(from which some of the coarser bran has been removed), 
or a household flour containing at least 80 per cent of 
the grain, including the “germ ” and all the “patents.” 

The Council would also suggest the advisability of these 
breads being used for Belgian refugees or Germans who 
are interned or are prisoners. They would probably 
prefer these breads. to white bread, as brown bread is used 
by Belgians and Germans. 

The Council wish to direct the attention of the Local 
Government Board to the following facts : — 

That for nearly forty years bread has been used in 
prisons made from meal “ consisting of all the products 
of grinding the wheaten grain with the exception of 12 
per cent of coarse bran and coarse “ pollard.” (“ Prison 
Rules ” made by the Secretary of State under the Prisons 
Act). 

That over two and a half million meals containing whole 
meal bread have been supplied to the poorest children in 
London. That the Rev. Canon Horsley (who has super- 
vised the distribution of over a million and a quarter of 
these meals) and a head master (one of the first to start 
these dinners at a poor London school, where 150,000 
meals have been provided) say that they have had no com- 
plaints of physiological disadvantages arising from the use 
of finely ground whole meal bread, and that the con- 
tinuous reappearance year after year of the same children 
proved its popularity. 

That the 80 per cent old-fashioned household flour has 
been used at Christ's Hospital (Blue Coat School) since 
the meeting of the Bread and Food Reform League at the 
Mansion House in 1907, and that the authorities are so 
satisfied with the result that they use it exclusively, even 
for cakes and puddings. 

(3) . The Council desire to direct attention to the import- 
ance of paragraph 9 of the Food and Drugs Act, 1875, 
being enforced with regard to meal, flour, and bread, 
especially whole meal, wheat meal, and old-fashioned 80 
per cent household flour, now generally known as 
“ Standard,” and the breads made therefrom. ThiB sec- 
tion of the Act provides : — 

That no person shall, with the intent that the same 
maybe sold in its altered state, without notice abstract 
from an article of food any part of it so as to affect in- 
juriously its quality, substance, or nature.” 

There is a recognised quality for the above meals and 
flours in Governmental publications, and Mr. C. F. 
Lloyd, barrister, states in the igi4 edition of Bell's 
** Sale of Food and Drugs Act” 


\ 77 

If the article demanded has some recognised standard 

of quality or composition it is an ofience against the 

section (VI.) to sell an article which does not come up 

to that standard. 

The Local Government Board Report on the “ Nutri- 
tive Value of Bread made from different Varieties of 
Wheat Flour ” mentions that 80 per cent “ Standard ” 
flour should be a “ straight run ” flour, from which coarse 
branny particles amounting to about 20 per cent of the 
whole grain have been removed, and containing the whole 
of the contents of the endosperm, the germ, and a certain 
amount of finely comminuted branny particles and cell 
walls of the endosperm. 

The Report mentions that much of the 80 per cent 
“ Standard “ flour sold is a mixture of low-grade flour, 
from which the “patents” have been removed, and finely 
divided cflal. “ Such flour can be made at a cost of frcm 
2s. 6d. to 3s. per sack less than an 80 per cent straight 
run ; the pecuniary gain which the miller can effect m this 
way is considerable.” 

In order to illustrate the prevalence of this custom with 
regard to whole meal and wheat meal, it may be men- 
tioned that the “Book of Bread” states that by some 
millers “ anything is considered good enough for meal,” 
and owing to the sale of mixtures of white flour and offal 
advises bakers that “ the safest plan is to sell the bread as 

* brown* and not 1 whole meal,* and this is very much 
more frequently necessary than many consider.” 

The Local Government Board Report states: — “The 
ordinary tests as to appearance and colour as applied by 
millers may serve, in the hands of those accustomed to 
examining milling products, to detect the difference 
between a genuine 1 Standard * and an ( imitation 
Standard * flour from the same wheat.” “ It is obvious 
that there may be particular instances in which neither 
the trade expert nor the analyst need have any difficulty 
in pronouncing that a flour is so different from any flour 
of the * Standard ' class that it cannot properly be termed 

* Standard * flour, and similarly with * Standard 9 bread. 
Chemical analysis in regard to fibre, mineral matter, &c., 
may, of course, be of great value in cases where it is 
desired to know if the flour supplied complies with a given 
specification or corresponds to sample, and the utility of 
analysis for this purpose is likely to increase with the 
attention which is now being given to the matter by 
chemists.” Further physiological and chemical tests or 
other methods could probably be evolved which would 
show even more clearly whether the “ germ ” and “ patents ” 
are retained in meal and flour. The above remarks will 
also probably apply equally well to whole meal and wheat 
meal bread. 

The German Government has recently ordained that 
wheat flour must contain 75 per cent of the total weight of 
the grain, and the manufacture of bread containing 80 or 
90 per cent is suggested in a pamphlet on the “Food 
Supply of the German People,” published by Dr. 
Eltzbacher, of Berlin, and fifteen other collaborators 
(reviewed in the Lancet , February 20, 1915). It is there 
stated, with regard to the use of bran for animals, which 
can be fed on other substances : — “ The separated bran, if 
employed for human consumption through an animal, 
loses at least 50 per cent of its total value.” 

“ Patents .” — Millers usually obtain in the present roller 
mills about 70 per cent of what is technically called 
“ a straight run flour,” but which does not include the 
“germ,” as it should do. This amount may vary in 
different wheats from 55 to 75 per cent. After extracting 
the “ straight run flour ” a residue is left which is now 
generally used for feeding cattle, and contains a large 
amount of phosphates and important “ vitamines.” 

This 70 per cent straight-run flour is usually sub-divided 
into what are technically called “patents” and “house- 
holds” or “bakers” flours. The amount extracted for 
“ patents ” varies from 18 to 42 per cent, dependent upon 
the wheat used and the methods of milling employed. 
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The residue sold as “ bakers ” dour contains a tr»fle more ( 
protein than the “patents," but the gluten in the 
“patents,” although a little smaller in quantity, is of 
a “ stronger *' quality. Gluten, which is stated by eminent 
chemists to be composed ot gliadtne and gluten m varying 
proportions, is the special constituent of wheat which 
makes it preeminently suitable for making bread. Bakers 
find the gluten in “patents" more tenacious and tougher 
than that found in “bakers * flour, and state that it makes 
a better aerated loaf. “Patents" are used for fine, 
expensive white breads, and also for mixing with lower 
grade flours. 

Chemical analysis does not always indicate the dietetic 
value of a food. Although the “ patents ” contain slightly 
less protein than “bakers" flour, there is reason to believe 
that the gluten in the “ patents” is of a superior quality. 
Alderman Jago, F.I.C., states in “ Modern Developments 
of Bread Making ” that although chemical analysis indi- 
cated that “bakers ” flour, from which the “patents ” had 
been abstracted, had a little more protein, artificial 
digestion showed there was a larger amount of digested 
proteins from “ patents ” and “ straight run ” flour which 
includes the “patents,” than from “bakers” flour from 
which they are extracted. As it is generally agreed that 
the body requires different kinds of proteins, whole meal, 
wheat meal, and household breads should not be deprived 
without notification of the highly developed gluten found 
in the “patents,” which also improve the payability, 
digestibility, and appearance of the bread and also probably 
make it more satisfying. As the amount of protein in 
different wheats varies from 6*9 per cent up to 34*2 per 
cent, it is very important that thoroughly cleaned wheat 
of good nutritive quality should be used, and millers have 
learnt by long years of thought, study, and experiment to 
mix wheats and blend flours so as to combine the varying 
qualities of different wheats. 

There is only about 2$ per cent of indigestible fibre in 
the wheat grain, and when meal is ground to a uniform 
fineness the digestive juices can surround the particles of 
bran and extract their nutriment. Moreover the presence 
of this small amount of fibre in bread is, when finely 

ound, most beneficial for some persons, in preventing 

e serious evil of constipation. The late Sir Henry 
Thomson stated in “Food and Feeding,” “The extra- 
ordinary care which is taken to employ nothing in our 
diet but matter which has nutritive value— that is, can be 
absorbed into the system— is founded upon want of 
knowledge of the first principles of digestion.” 

The Bread and Food Reform League advise those who 
cannot digest whole meal even when finely ground to use 
the old-fashioned 80 per cent household bread, now 
generally known as “ Standard.” Dr. Robert Hutchinson 
states in “ Food and Dietetics,” (1911), with reference to 
this bread that it “ is certainly superior to ordinary white 
bread from a chemical point of view, whilst it is in no way 
inferior to the latter in digestibility and capability of 
absorption.” 

Vitamtnes,— It was pointed out at the International 
Midical Congress that recent discoveries have revolution- 
ised the former conception of nutrition in man and 
animals. Albumens, carb i-hydrates, fats, salts, and water 
were not alone sufficient, but certain other substances 
normally present m most minute quantities were &1bo 
essential. Dr. Hopkins, F R S., mentions that minute 
quantities of these substances “ allow our systems to make 
full use of the building elements of the grain,” whilst the 
Lancet in an article on the “ Physiology of the Minute 
quantity,” refers to “the remarkable action of small 
entities in the human body.” 

Drs. Edie and Simpson, of the Liverpool School of 
Tropical Medicine, state:— “It has been proved by 
B*adlon and other workers in the E<st that exclusive use 
of polished rice as a diet leads to the production of that 
form of peripheral neuritis which we call beri-beri, and 
that this disease does not occur in those native races who 
use the whole rice as a diet.” Their experiments show 


that “ parallel results are obtained when the outer layers 
are excluded from the diet with both wheat and rice. 
These experiments clearly demonstrate that the outer part 
of the grain contains an essential constituent for the 
nutrition of the nervous system both in growing animals 
and adults.” 

Prof. Leonard Hill, F.R.S., who has directed much 
attention to these vitamines, states in the British Medical 
Journal To grind the wheat, and take away not only 
the germ— the very embodiment of growth— but to im- 
poverish the flour in most of the essential organic phos- 
phorous compounds contained in the outer layers, seems 
s most extraordinary manipulation of the Staff of Life.” 

“More extraordinary still is the fact that the State 
allows this to be done, and does not insist on tbe miller 
notifying that the flour has been thus impoverished. If 
such a thing were done to any other article of food the 
law surely would step m.” 

Owing to the inferior quality of much whole meal, 
wheat meal, or 80 per cent old-fashioned household flour, 
the Bread and Food Reform League never mention the 
name of any baker unless they have a guarantee from 
the millers supplying him as well as one from the baker* 
Bread is now an anonymous mixture, and it might 
possibly safeguard the public, as well as conscientious 
millers and bakers, if bakers were obliged to state in their 
shops the names of millers supplying them with meal 
and flour. 

(4). The Council desire to urge the importance of Foods 
Inspectors being instructed to direct their attention to 
supplies of whole meal, wheat meal, and old-fashioned 
household bread (now generally known as “ Standard ”) 
and bread made therefrom being of genuine quality, that 
they retain the germ, have had none of the “patents” 
extracted, and that they have not been bleached or contain 
so-called “improvers,” baking powderB, or other chemical 
ingredients without notification to the public. 

The Council wish to direct the attention of the Local 
Government Board to the fact that whereas only 70 tons 
of white flour are usually made from xoo tons of wheat, 
88 tons of the better and more nutritious Hour can be 
obtained. This is an increase of more than 25 per cent, 
an important fact in war time. 


REPORT OF THE BRITISH SCIENCE GUILD 

WITH REFERENCE TO THE 

MANUFACTURE OF OPTICAL INSTRUMENTS 
AND MATTERS RELATING THERETO. 

Necessity for Action. 

The British Science Guild, having enquired carefully, by 
means of a strong and representative expert Committee, 
into the effect of the outbreak of hostilities on matters of 
national importance connected with the manufacture of 
optical instruments in the country generally, submits this 
report to the Government, and m doing so emphasises 
the pressing urgency of the subjects referred to. 

Supply of Glass . (a). The General Case . 
x. In the first place the enquiry referred to was directed 
to the consequences of the sudden stoppage of tbe supply 
of German optical glass on which this country had 
increasingly relied for many recent years. A letter of 
enquiry asking for information on six specific points was 
addressed to representative firms in tbe optical trade. 
The results of these enquiries has been such as to satisfy 
the Guild that the supply of optical glass available for the 
manufacture of telescopes, binoculars, range-finders, and 
other service instruments is sufficient for the purpose. 
Under this head there seems to be no call for any special 
effort to improve upon existing conditions, though the 
supply of English glass has not always been adequate in 
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quantity, and delays have been experienced in obtaining 
quick delivery. 

The representative of Messrs. Chance Bros., who was 
a member of the Technical Committee referred to above, 
has assured the Committee that since the outbreak ot 
hostilities the firm has considerably increased (in fact, 
quadrupled) the capacity of its plant for the manufacture 
of optical glass, and is fully prepared to extend this plant 
still further. 

(6). Photography and Micrography f 

2. With regard to the manufacture ot photographic 
and microscopic lenses the case stands otherwise. The 
requirements of the manufacturing trade in these respects 
are not definitely standardised as in the case of the 
instruments already referred to. To facilitate new and 
important developments it is necessary that the lens 
manufacturer should have recourse to a greater variety of 
glasses than are in fact manufactured at the present time 
in this country. It is further necessary that larger stocks 
should he held than is the custom at the present time of 
the various glasses produced. The Guild, therefore, is 
of opinion that Berious inconvenience is certain to result 
to the manufacturing trade if the supply of German glass 
is cut off for any considerable length of time. The 
amount of glass demanded, especially for photographic 
purposes, is very considerable, and the Guild is of opinion 
that the attention of the authorities might usefully be 
drawn to this opportunity for a considerable development 
of British glass manufacture in this direction. One 
difficulty the Guild understands to be the defective supply 
of pure barium compounds. 

(c). Variety of Glass Obtainable Inadequate . 

3. From a wider point of view and more generally, the 
variety of English glasses offered is not sufficient for all 
the requirements of optical instrument makers, especially 
for the more recently developed and important optical 
designs. Thus, whilst the English leading firm listed only 
20 to 30 types of glass, the leading German firm listed 
about 70 types, every one stocked. Barium glass of high 
refraction and low dispersion, having a high value 
of the u anti-dispersion ” coefficient, is reported &b specially 
difficult to obtain in England. 

Research . 

4. The desirability of the provision of facilities for 
research upon the manufacture of optical glass has been 
carefully considered and has been found to be a difficult 
question. From the evidence submitted it appears that 
if one special object of research could be attained the 
result would be highly advantageous. This object is the 
discovery of a refractory lining of the melting M pot w 
which would resist the action, at melting temperatures, 
of the materials used in the glass mixtures, and leave the 
contents of the pot uncontaminated at the conclusion ot 
the operation. This research would probably be a long 
and costly one, and is such as might most appropriately 
be undertaken by the National Physical Laboratory, 
especially as certain details in the manufacture of optical 
glass may come under review during the enquiry. 

Authoritative Testing of Glass. 

5. In another direction evidence was submitted to the 
Guild to the effect that it would be distinctly advantageous 
to the optical trade if increased facilities for the authorita- 
tive determination of the optical constants and relative 
absorption of samples of glass submitted for test could be 
provided at the National Physical Laboratory. 

The Future. 

Facilities for Education a Matter of Great Urgency . 

6. In still another direction evidence, additional to 
evidence collected before the outbreak of hostilities, was 
elicited that the facilities for education in technical optics 
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1 are very inadequate. It was fchown that nr t ont) could 
some of the present d ffi.u ties connected with the supply 
of optical glass probably be diminished, but that the 
output of optical instruments tor national purposes would 
be increased, and that the optical trade would be sub- 
stantially benefited in other directions if such facilities 
were largely extended. The Technical Optics Committee 
ot the Guild was originally appointed, early in the year 
1914, for the purpose of “ enquiring into the need of an 
Institute of Technical Optics and the steps to be taken 
in connection therewith ” and in due course it submitted 
a “statement” on the subject, which was published m the 
Annual Report of the Guild, 19x4, pp. 31-34. The Com- 
mittee had further reported to the Executive Committee 
of the Guild at its July meeting, and the report was 
adopted with a few alterations, and is printed at the end 
of this report. 

7. When the Technical Optics Committee met after 
the vacation, the other matters, apparently of more 
immediate urgency, referred to in this report had arisen 
and took precedence of the earlier matter. In investigating 
these new questions it has become strongly evident that 
the earlier matter is of supreme and pressing importance. 

The Guild therefore recommends : — 

A. That better provision should be made at the National 

Physical Laboratory for the testing of samples of 
glass as to their physical and optical properties, 
and that the Director of the National Physical 
Laboratory be approached on the subject. 

B. That facilities should be provided as speedily as 

possible for the carrying out, at the National 
Physical Laboratory, or elsewhere, of the researches 
connected with the manufacture of optical glass 
referred to in this report. 

C. That steps should be taken as speedily as possible 

to £ive effect to the recommendations of the 
previous report of the Technical Optics Committee 
of the Guild in the direction of providing facilities 
for systematic, scientific, and manual training in 
Technical Optics, and the Guild, recognising that 
educational training Requires time, is strongly of 
opinion that this question is urgent and that the 
organisation of optical training should be taken in 
hand at once. 

Previous Report Referred to in Paragraph C, 
dated Judy 14, 1914. 

Proposed Establishment of an Institute for Technical Optics. 

The British Science Guild has had under consideration 
for some time the inadequate provision for, and the un- 
satisfactory state of, the technical training in optics in 
the British Isles. The subject was brought to its notice 
by Sir Thomas Barlow, K.C.V.O., formerly President of 
the Royal College of Physicians, in a communication to 
the President of the Guild, and was considered to be 
of such importance by the Executive Committee that a 
Special Committee was formed to deal with it. The 
Special Committee has now reported. 

The establishment of such an Institute has been under 
discussion for some years, and there is a remarkable 
consensus of expert opinion, both as to the necessity and 
the urgency for action, from many and diverse points of 
view, scientific, industrial, and national. 

The London County Council, which has gone into the 
matter very thoroughly, has not felt itself m a position 
to provide from the funds under its control the initial 
capital expenditure of some £40,000 for the erection and 
equipment of the proposed Institute, although a site was 
actually purchased for the very purpose by the Governing 
Body of the Northampton Polytechnic Institute as far 
back as 1908. The Finance Committee of the Council is 
understood to be of opinion that the project is so essentially 
of national importance that it would be unfair to saddle 
London ratepayers with the whole cost. It is, however, 
believed that if the question of capital expenditure can 


CSemical New* 
April 9, 1915 



Chemical News, l 
April i 6 , 1915 ) 


Cyclic Evolution of the Chemical ELmehts 


181 


THE CHEMICAL NEWS. 

Vol. CXI., No. 2890. 


THE CYCLIC EVOLUTION OF THE CHEMICAL 
ELEMENTS. 

Part II. 

Bv F. H. LORING. 

We have seen that certain of the elements may have been 
evolved by a cyclic process, which, in its graphic repre- 
sentation, has been likened to a complex hysteresis loop, 
as shown by Prof. Ewing in his book on magnetic induc- 
tion in iron, &c. (See Part I., Chemical News, cxi., 157). 

Referring to Fig. 3, we have now to consider the repre- 
sentation of the elements missed out in the completed 
diagram,* since these are supposed to have been evolved 
separately, and to belong to another similar, but probably 
narrower t complex loop. I Such a loop might in places 
describe the same paths as the one illustrated, and conse- 
quently involve the additional evolution of elements 
similar to those already shown. 

It becomes difficult to trace out the tortuous course of 
this series of loops, but an attempt without resorting to a 
diagram may have some suggestive interest. 

The first element of this new series may be lithium *, 
that is to say, one of its component sets of associates, 
owing to the first loop possibly taking an early upward 
course just where the lower atomic weight associates would 
appear — if the line of evolution bad continued, as shown 
in Fig. 3. What the spectrum of such an element might 
be we cannot say, but in all probability the very low atomic 
weight associates, if separated from their companions of 
higher or lower relative atomic weight, or separated from 
those of another complex cycle, would show some spectro- 
scopic difference, and this may account for certain nebular 
lines observed : those which have not been reproduced or 
verified in the laboratory with known elements. We 
must not, by the way, forget that temperature also plays a 
part in these phenomena. 

The next element would be helium, assuming that this 
natrow cycle has some subordinate loops which extend to 
the zero valency line. 

Continuing this complex cycle, in which we will repre- 
sent the higher atomic weight associates in heavy-face 
type and the corresponding lower ones in light-face type, 
we have— 

Mtf — Na— Ne— Ne— Na - Mg : Ca— K— Ar-Ar— K— Ca 

: Fe— Ni— Fe— N1-C0J ; Pd— Pd— Rh— Rh sLa-Ba— 

— Os — Xe — Cs— Ba— La— Cerium, 

and the elements of the rare earths, followed by a 
6ide-loop taking iridium and platinum. Coming now 
round on the reverse side of the cycle (below the 
horizontal zero line, say, on the right-hand side) we have 
Ta — W— Os— Os— W — Ta, if these members belong to 
this complex loop. We have to consider the valency 
sequence as reversed on the lower side. 

It is exceedingly difficult to discuss satisfactorily the 
characteristics of this series of narrow loops, but it seems 
to suggest that the elements of this cycle were formed 


* The completion of the diagram Bhown ly Fig. 3 in respect to the 
left-hand subordinate loops involves the inclusion of Au, Hg, Tl, Pb, 
and Bi in the top loop, and of Sn, Sb. (Te), and I in the middle one 
along with those shown. 

1 By the expression “complex loop or cycle” is meant a series of 
connected subordinate loops or offshoots. 

I Italicised symbols are here introduced to indicate members which . 
are possibly homogeneous in not being made up of associates or 
isotopes differing materially in atomic weight. This will be under- 
stood by referring to Fig. 3, where the two types are shown, though 
o the wider complex cycle. 


somewhat according to the theory of stellar evolution. 
Iron, for example, appears very early in the stars which 
are supposed to be of less advanced formation, and here, 
too, in our narrow complex loop, iron appear&^at an early 
stage, namely, as the ninth element, if the early sub- 
ordinate loops extend to the zero line. 

It the early loops round up, so to speak, before reaching 
the zero owing to some stress or strain— to borrow ideas 
from magnetic phenomena — then of course the number 
would be even fewer. 

Lithium proper appears in the more advanced stars, as 
if the first loop of Fig. 3 had completed itself and had con- 
tinued on, which would be the case in the stellar evolution 
where nitrogen and oxygen appear.* 

The rare-earth elements seem to partake of the short- 
loop characteristic peculiar to this narrow complex cycle, 
and these loops may be represented as a succession of 
small ones similar to those shown in Prof. Ewing’s book 
on p. 346, Fig. 157. The Fe— Rh— Ii— groups are of the 
highly contracted type. 

It is perhaps suggestive to study magnetic phenomena 
whilst keeping in mind the ideas here inlniged in ; but, of 
cousre, we must remember that a set of curves having 
certain hysteretic peculiarities might be obtained without 
recourse to electrical or magnetic circuits at all. It would 
seem, nevertheless, unnatural to get away from molecular 
or even electric influences, so that our analogy from these 
points of view seems reasonable. It is only a step from 
the atom to the molecule ; indeed, some atoms are mole- 
cules, and the atoms themselves are electrically 
constituted. 

The question of duality in the atomic type, or the 
composite nature of the elements, is one to which radio- 
activity leads up, and Prof. Soddy’s observation that there 
are chemically and electrically identical atoms, though 
differing in atomic weight, certainly finds extended veri- 
fication amongst the many radio-elements or radio-atoms, 
and such atoms or elements are impossible of separation 
by known means. On the other hand, there are identical 
elements in regard to atomic weight, yet having different 
electrical activities, and consequently chemical properties, 
and these are found to be quite easy of separation. 

Sir William Crookes’s early suggestion that our relative 
atomic weights may turn out to be mean numbers seems 
on the point of verification, to some considerable extent at 
least. We are, of course, familiar with his conception of 
meta-elements. 

The discovery by Sir J. J. Thomson of a companion gas 
to neon having an atomic weight of 22 and existing in 
small relative quantities to neon of atomic weight 20 is 
highly suggestive, since ordinary composite neon of mean 
atomic weight 20*2 may be made up thus 

20 x 10 m 200 
22 X I « 22 


XI ) 222 


20*l8 

The mean value is close to the experimental one, and, 
moreover, Fig. 3 naturally accommodates these two meta- 
elements or associated atoms, which have been designated 
neon and meta-neon. 

Passing to the other end of the loop we have chlorine, 
which may be also composite, thus 

35x10 - 350 
40 x 1 = 40 


11)390 


I 35*454 

! * There is a peculiarity in the early part of the other curve, as shown 

by Fig. 3, which would seem to point to an element of about atomic 
} weight 3, but this may be a beryllium associate or satellite, unless we 
consider Hj as a pseudo-element and assign it to this place. 
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This figure also agrees with experiment. In fact, it 
coincides exactly with the Richards— Willard classic 
determination of chlorine, though exact agreements aie, 
as a rule, a little distressing when we know there must be 

some uncertainty in the measurements. 

In the same experiment, using lithium chloride, the 
value for the alkaline metal came out 6-94 instead of 7*00. 
This was rather to be expected, since the whole-number 
value was regarded by some as too high. The true mean 
value may be as low as 6*928. . 

We thus see that lithium may be composite, whereas such 
elements as H, He, C, AT, O, and F appear to be homo- 
geneous in atomic weight and practically whole numbers, 
thus (taken in the same Order) i*eo78, 4*00, 12*003, 
14*007,16-000,19*0- . , „ , . 

The fact that sodium, 23*00, is a whole number is not 
against the scheme, because occasionally the associates 
may give rise to mean values which are exactly whole- 
numbers, as In the possible case of arsenic, thus 
72x3-3 216 
76x9 ** 684 


12 ) 900 
75*000 

The experimental value in this example is 74*96, which is 
very close to the figured one, considering the magnitude 
of the number involved. 

The question now might be raised, Are we sure that 
H, C, N, 0 , and F are practically whole-number or integer 
elements? The experimental evidence that such is the 
case is overwhelming with regard to every one of these 
elements except fluorine. A method of co-ordinating 
certain elements has been devised which involves taking the 
atomic weights of these elements as practically whole 
numbers, thus bringing all four or five members, including 
fluorine, into harmoniousrelationship. The method consists 
In arranging certain elements in quaternian series ; for the 
full development of this method, see Chemical News, 
1913, cvii., p. 95 ; cviis., pp. 188, 247, and 305. It is only 
fair to remark that this special treatment is punctuated 
with some uncertainties, but the above-mentioned elements 
are in satisfactory accord. 

We will now consider the adverse side of the problem 
by quoting from Sir J. J. Thomson’s “Atomic Theory,” 
page 10: — “By means of the electric spectrum [positive- 
ray method] we can prove in a very direct and striking 
way some of the fundamental truths about the Atomic 
Theory. For example, when we form the electric spec- 
trum of a mixture of gases, such as the air, we get a 
limited number of sharply-divided streams, which show 
no tendency to merge into each other. This shows that 
the gas contains only a few kinds of particles, and that 
all the particles of one kind have exactly the same mass, 
for if there had been any variation in the masses the 
streams would have been fuzzy. This shows that all the 
atoms of an element are alike ; this had sometimes been 
questioned, and it had been suggested that there might be 
considerable variation in the masses of the atoms of the 
same dement ; ordinary chemical analysis could not settle 
this question, for it gives nothing more than the average 
mass of billions of atoms.” 

On page 16, Sir J. J. Thomson goes on to say:— 
“ Since the atomic weights of the elements show that in 
their formation a measurable change of mass has taken 
place, the changes of energy involved in the formation of 
the elements must be enormous compared with those 
liberated in any chemical changes with which we are ac- 
quainted. Let us take an example : — The atomic weight 
of chlorine is 35*5 ; this is not a whole number ; it 
differs from the nearest by half a unit ; it follows, there- 
fore, that in the formation of 35*5 grms. of chlorine there 
must have been a change of mass of at least half a-grm. 
This involves the liberation or absorption of an amount of 
energy equal to that possessed by half a grm. moving 


with the velocity of light, i.e . 2*25 xio 30 ergs. This is 
about the amount of work required to keep the Mauretania 
going at full speed for a week, and must have been stored 
up or liberated from 35*5 grms., or about one ounce of 
chlorine. We see that changes in the atom large enough 
to change the chemical character of the atom — i.e., to 
split an atom of one element up into different kinds of 
atoms — involve enormous transformations of energy ; in 
fact, the explosion of the atom in a few pounds of material 
might be sufficient to shatter a continent. We are living 
in the midst, nay, are made up of quiescent volcanoes ; 
fortunately their slumbers are very sound.** 

When we consider that, so far as published accounts of 
positive-ray experiments extend (see “Rays of Positive 
Electricity,” by Sit J. J. Thomson, 1913, Longmans, 
Green, and Co.), they are, except in the case of chlorine, 
practically confined to the very elements in our diagram 
which have of necessity no associates differing in atomic 
weight (apart from the two neons, which are in satisfac- 
tory agreement), we begin to wonder whether the explana- 
tory theory Sir J. J. Thomson has applied to this 
element, by way ot example, affords a fully coriect inter- 
pretation of facts. We must hesitate about questioning 
so great an authority, but there are others in great 
authority who seemingly take a different point of view ; at 
least Prof. Soddy’s findings in radio-activity, and Sir 
William Crookes’s idea of meta-elements, offer a different 
solution, as we have already seen. 

We used the word “practically ” in the foregoing para- 
graph because, adhering to our theory, some or the 
associates differ so little in atomic weight that they would 
not in all probability give a separate and distinct positive- 
ray line on the photographic plate. In fact, Sir J. J. 
Thomson says on page 54 m his book cited : . . . “As 

m/e for this atom is 27 5, and for the nitrogen molecule 28, 
the lines would be so close together that it would be diffi- 
cult to differentiate them.” Take argon, for instance, 
having associates or isotopes of atomic weight 39 and 40 
(ratio, say, 1 : 10). These would give very close lines on 
the plate. There is another consideration, however, in 
this case. The “40” line might be confused with the 
neon one, as, assuming that the “40** line represents a 
particle carrying two charges, it might then be taken for 
neon with one charge, presupposing that no other deter- 
mining feature enters into the experiment. This observa- 
tion seemingly applies also to the “ 40 ” line of chlorine. 
Radio-activity has revealed atoms of identical atomic 
weight but of different electrical composition or active 
constitution, therefore chemically different, so that the 
two 40’s need not represent a real difficulty, assuming that 
they have a real existence. Referring to Fig. 3, it will be 
seen that their formation is represented to take place at 
widely separated times or places. 

It is certainly extraordinary to consider a gaseous 
element like chlorine as having two sets of atoms differing 
by five units from each other, and co-existing in a 
ratio of 1 to 10, yet radio-activity gives almost such a case 
in the mixture of the radio-gas-atoms, and Fleck’s experi- 
ments on condensation (Phil, Mag,, igi$, xxix., p. 337) 
lead us to suppose that the thorium and radium emanations, 
or, in our minds, their component associates (Chemical 
News, 1914, cix., p. 241), are non-separable by condensa- 
tion. Fleck cites Aston’s failure to separate neon from 
meta-neon by fractional condensation (see Engineering, 
1913, xevi., p. 423). Aston appears, however, to have 
effected a separation by diffusion through a porous sub- 
stance, which would suggest that the chlorine associates 
might be separated by some such method if they really exist. 

Be this as it may, evidently things are not quite as they 
seem, and electricity apparently conditions the atom in 
more ways than one, 

The idea of extending the isotopes into the domain of 
ordinary elements (Soddy) is certainly supported by the 
argument of evolution of the chemical elements here 
given, and this, moreover, is founded mainly on the ideas 
advanced many yearB ago by Sir William Crookes. 
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ELECTROLY II C REFINING OF GOLD.* 

By Sir THOMAS KIRKE ROSE. 

In thanking yon sincerely for the great honour which you 
have conferred on me, I have to confess that I am some* 
what daunted when I reflect on the distinguished merits of 
each one of our past presidents. I am, however, at any 
rate, the equal of my predecessors In my desire to serve 
the Institution, and I am trying to forget any doubts I may 
have as to my ability to do so in this high position. 

At this meeting, as in all our doings, our thoughts fly, 
whether we will or not, to our compatriots who are 
fighting our country’s battles. The long list of those 
belonging to our Institution who are engaged in the ser* 
vice of the Empire shows that no stimulus is required in 
our profession to make its members willing to give them- 
selves up at the call of patriotism. For the men who have 
fallen our hearts are filled with reverence, and our pro- 
foundest sympathy goes out to those who are stricken by 
their loss. 

We who are left on one side, undisturbed save in mind 
by the clash of arms, cannot do better than continue as 
serenely as we may the consideration of the scientific 
problems with which we are confronted. 

Refining Gold Bullion . 

The problem presented by the necessity of refining gold 
was one for which a solution was sought at least as early 
as the time, about b.c. 700, when coins were first manu- 
factured in the Western world. Apart from toughening 
or the removal of base metals, which was sufficiently cared 
for by the ancient process of cupellation, it is clear that 
some measure of success attended the efforts made to part 
gold and silver. Thus the coins of the Kings of Lydia 
(b.c. 687 to b.c. 500} and the primitive coinage of the 
cities of Iona (seventh and sixth centuries b.c.) show that 
pure gold and electrum were coined side by side at that 
time as distinct metals, having different monetary values, 
between which there was no confusion (Lenormant, “ La 
Monnaie dans rantiquitd,” 1878, i., 194). The gold leaf 
from the Egyptian mummies of the Persian era (b.c. 527 
to b c. 420I was 998 fine (W. Gowland, “ The Metals in 
Antiquity,” Huxley Memorial Lecture for 1912, yourn. 
Royal Anthrop . Inst., 1912, xlii., 253). The gold staters 
of Greece were of varying degrees of fineness, the purest 
being those of Philip of Macedon, b c. 350, some of which 
contained 997 parts of gold and 3 of silver (Lenormant, 
*La Monnaie dans l’antiquitd,” 1S78, i., 187). The gold 
of Augustus was 998 fine ( Op . cit., p. 201). It may be 
taken Tor granted that such gold was not found native. 

There is little doubt that the earliest parting process was 
one of cementation, by which silver and other metals 
were gradually converted into chlorides at a red heat and 
removed from the gold by absorption into the cement. 
Parting by cementation held the field for many centuries, 
and only very slowly fell into disuse after the discovery of 
more rapid and effective methods. The nitric acid process, 
with some help from sulphur, antimony, &c., was predomi- 
nant for five or six hundred years, but sulphuric acid has 
been in use in refining for only a century, and chlorine 
gas and electrolysis for less than fifty years. Compared 
with the long past of the older methods of metallurgy, the 
duration of modern methods seems to be little more than 
an episode (see Roberts- Austen, yourn. Iron and Steel 
Inst., 1899, lv., 18). 

The following table of the various processes of separat- 
ing gold from silver, and the earliest references to them, 
partly follows Percy (“ Silver and Gold,” p. 356), Gowland 
(“Metals in Antiquity,” Huxley Memorial Lecture for 
1912, yourn . Royal Anthrop . Inst., 1912, xlii., 252), and 
Hoover (Translation of Agricola, “ De re Metallica,” 1912, 
footnote p. 458 ; Appendix B, p. 607). 


* Presidential Address, delivered before the Institution of Mining 
and Metallurgy, March 58, 19x5. 
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Table I. 

1. Cementation with salt. Agatharcides, about 113 b.c. 

(Gowland, loc. cit. ; see also Freise, “ Geschichte 
der Bergbau und-Hdttentechnik,” Berlin, 1908, i., 
103; Beck, “Geshichte des Eisens,” i., 74); 
? Strabo, b.c. 63— a.d. 24 ; Pliny, a.d. 23*79. 

2. Melting with sulphur. Theophilus, nth century; at 

later dates additions of copper or iron were made. 

3. Boiling in nitric acid. Gcber or Aibertus Magnus, 

13th century. 

4. Melting with antimony sulphide. Basil Valentine, end 

of 15th century, or PrMerbftchlein , beginning of 
16th century. Copper was sometimes added. 

5. Cementation with nitre. Agricola, 1556. 

6. Boiling in sulphuric acid. Earliest reference, Scheffer, 

I 753 1 applied by D’Arcet in 1802. 

7. Passing chlorine gas through the molten metal. 

Earliest reference, Thompson, 1838 ; applied by 
Miller in 1869. 

8. Dissolving in aqua regia , brought forward by Petten- 

kofer in 1847 {Dingier’ $ Polytechn . yourn., 1847, 
civ., 118 and 198; Borcher’s “Electric Smelting 
and Refining,” Eng. trans. 2nd ed., 1904, p. 359). 

9. Electrolysis. Watt, 1863; applied by Wohlwill In 

1878. 

10. Boiling successively in nitric and sulphuric acids. 
Introduced by Mason in x866 (“ Production of the 
Precious Metals in the United States,” 1885, 
P . 278). 

Of these the only ones now in continuous use on a large 
scale are the sulphuric acid, chlorine gas, and electrolytic 
processes. The amount of gold annually refined is about 
£10,000,000 by chlorine gas, over £15,000,000 by electro- 
lysis, and, say, £70,000,000 by sulphuric acid. 

The obsolete processes have been described once for all 
by Percy, and there is little that is new to be said about 
the sulphuric acid and chlorine gas processes. The re- 
covery of bluestone by crystallisation is now becoming 
obsolete, as it appears to be more profitable in general to 
recover the copper by electro-deposition. The sulphuric 
acid thus regenerated is concentrated, so that both the 
copper and the sulphuric acid can be used over again. 

Preliminary Toughening of Bullion. 

Where cupellation is not practised the preliminary re- 
moval of base metals or “ toughening ” of bullion is still 
effected by the old saltpetre process in some places ; in 
others the ancient method of directing a blast of air on the 
surface of the molten metal and slagging off the oxides 
with borax has been reintroduced. In some chlorine re- 
fineries oxygen is passed through molten metal of low 
grade to toughen it and to enable the bullion to be cor- 
rectly valued before the silver is separated from the gold 
by the passage or chlorine. It is satisfactory to be able 
to record that this advance is directly due to a paper read 
before our Institution (Trans. I.M.M . , 1905, xiv., 378). 

The use of manganese dioxide or permanganate of 
potash instead of saltpetre has not yet been adopted by 
the ordinary refineries, and is, perhaps, not needed by 
them. An interesting application of these agents was 
made by Dr. W. A. Caldecott last year, when he was 
called on at short notice to refine gold bullion in the 
Transvaal so as to render it fit for coinage, a measure 
which was rendered necessary by the outbreak of the war. 
One of the difficulties was that Transvaal gold is only 
about 860 fine in gold, and therefore considerably below 
standard, and that the alloying metal is chiefly silver. Dr. 
Caldecott’s first attempts were made by fusing granulated 
mill gold with potassium permanganate, KMn 0 4 , but the 
process of carrying silver into the slag was too slow, 
owing to the comparatively small surface of the metal 
granules, and success was finally attained by using the 
finely divided acid-treated calcined gold-sine slime. Any 
amps formed during calcination were broken up, and the 
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slime was left in the furnace until it was thoroughly burnt. 
The following charge was then prepared for fusion 

Part*. 


Calcined gold slime . . ioo 

Manganese dioxide . . . . . . . • 30 

Sand 30 


Borax (calcined) 30 

After fusion the charge was poured into conical moulds 
and tne resulting buttons were granulated and fused with 
20 per cent of permanganate ot potash, together with some 
sand and borax, m order to remove any residual traces ol 
zinc, lead, &c. Preliminary trials made in this wa> 
yielded over 4000 ozs. of bullion, containing between 926 
and 952 parts of fine gold per iooo, with an average corn- 
position of : — 

Part*. 


Gold 938 

Silver . • 55 

Base metal (probably copper) .... 7 


IOOO 

The refined metal could be alloyed with copper to make 
bars of standard fineness, and these proved to be per- 
fectly malleable and ductile and suitable in all respects 
for coinage. Although no coins were actually struck, the 
anticipated need not having arisen, an expression of 
thanks was conveyed from the Union Government to Dr. 
Caldecott and to the Consolidated Goldfields Company in 
respect of the work. In congratulating Dr. Caldecott on 
thus rising to the occasion, it is permissible to express a 
doubt whether his achievement will encourage the use of 
such dangerous reagents in the ordinary toughening of 
bullion (for reference to prior use of MnO a and KMn 0 4 , 
see E. H. Johnson and W, A. Caldecott, C. M, and 
M. Soc. o/S. 4 ,, 1902, Hi., p. 46; W. Dowling, op . cit ., 
1905, v., 224, and 1907, vii., 212. 

Refining by Electrolysis . 

The electrolytic process of reparation consists of two 
distinct operations, the silver nitrate process for alloys con- 
taining large proportions of silver, and the gold chloride 
process for alloys consisting principally of gold. The 
latter was brought forward by Dr. Wohlwill, of Hamburg, 
in 1874 (Electro Chem . and Met. Ind., 1904, ii., 221), and 
the former by Moebius in 1884. Both have been elabo- 
rated in the United States Mints since 1902 by Dr. D. K. 
Tuttle and others, but, so far as their essential features 
were concerned, both were described by an Englishman 
several years before anything was heard of them even in 
Germany. 

The description was given in 1863 by Charles Watt, of 
Sydney, in a communication now in my possession, which 
was addressed to Thomas Graham, at that time the Master 
of the Mint, London. References were made to it in the 
Australian newspapers. Watt used a solution to which 
he added from “ one-fourth to one-fifth its bulk of hydro- 
chloric acid” (or, say, 8 per cent of HC 1 ). This he 
« carefully added ” until bubbles of chlorine ceased to be 
evolved from the anode. He does not mention the heat- 
ing of the solution nor the occasional addition of chloride 
Of gold to the bath. Heating, however, wonld not be 
necessary under the conditions which he gives, and he 
gave a full account of the preparation of chloride of gold 
by electrolysis without the aid of aqua regia which was un- 
known to Wohlwill, but was re discovered by R. L. 
Whitehead at the Denver Mint in 1906 and described in 
1908 ( ElectrO’Chem . and Met . hid,, Sept., 1908, p. 357). 

The original solution, according to Watt, was to con- 
tain 0*5 oz. of gold per pint, or 27 grms. per litre, approxi- 
mately the same strength as that recommended by 
Wohlwill. It is remarkable how little Wohlwill has ad- 
vanced beyond Watt. ^ The voltage used was 17, and 
anodes one-tenth of an inch thick were dissolved in twenty- 
four hours, The rate of dissolution corresponds to a 


current density of 400 amperes per eq. m., or about the 
same as that used in Germany. The silver chloride was 
brushed from the anodes if necessary. 

Graham submitted the proposal to George Gore, the 
well-known authority on electrolysis. Gue wrote in 
terms of approval of the prreess, and Graham referred it 
back to the Sydney* Mint, but it was not adopted, on the 
alleged ground that no parting process w*s necess&ry 
there. The chlorine process was afterwards introduced at 
Sydney m 1869. 

Watt also du*; ribed in 1863 the electrolytic parting <f 
gold-silver alloys “containing not less than three paits of 
silver to one part of gold ” in a nitric acid solution, thus 
antedating by many years the Moebius process and its 
application in the United States Mints to such alloys. 
Watt stated that he was negotiating “for the introduc- 
tion of his process in Europe, and may have unintention- 
ally supplied the ideas used m the later patented processes 
of the Germans Moebius and Wohlwill. Watt did not 
patent his process and it was speedily forgotten. 

It is interesting to recall that in 1851, before he left 
England, Charles Watt took out a patent for preparing 
caustic soda and chlorine by the electrolysis of a solution 
of common salt, a process which remained undeveloped 
for forty years. The fact is that he was a little before 
his time. If the dynamo had made its appearance before 
his various proposals were brought forward instead of 
afterwards (in 1867) he might have obtained a hearing. 

In 1874 E. Wohlwill began experiments in Hamburg 
with the object of separating gold from platinum 
(Electro-Chem. and Met. Ind 1904, ii., 221). The gold 
chloride process bearing his name has been in use at the 
Norddeutsche Affinerie, Hamburg, since 1878, and in 
1881 the products were shown at the Electrical Exposi- 
tion at Parte. Later It was introduced at Frankfurt, at 
Freiburg-Halsbrucke, at Petrograd, and in 1912 at the 
Imperial Mints of Austria. 

The electrolytic process was worked out independently 
at the Philadelphia Mint in 1898-1902 (Report of the 
Director of the United States Mint, 1902, p. 122), and 
during the last few years has been used for refining at the 
United States Mints, superseding the nitric and sulphuric 
acid processes. It has also been adopted at the new Mint 
at Ottawa. Descriptions of the method have been pub- 
lished from time to time (Op. cit., 1906, p. 57), and I do 
not propose to describe it fully heie, but there are certain 
points of interest to which I will diiect youi attention. I 
confine my remarks to the gold chloride, or Wohlwill 
process. 

(To be continued). 


THE ELECTRO-TITRAMETRIC METHOD 
AND ITS APPLICATION TO GENERAL 
ANALYTICAL CHEMISTRY.* 

By F. H. HESSELINK VAN SUCHTELEN and ARAO ITANO. 
(Concluded from p. 176). 

In the experiments now to be described, determinations 
were made of several cations. The first was that of K 
in KC1 (Sylvia). The reagent used here was sodium 
cobalt nitrite. The result obtained was once more in 
exact accord with the theoretical calculation : actually 
present, 39*10 mgrms. determined by the conductivity 
titration, 39*10 mgrms. (Fig. 9). 

In this case the precipitation requires three to four 
minutes for completion. The conductivity reading then 
becomes constant. Although the conductivity curve in 
this instance permits of reasonably high accuracy, it is 
nevertheless not as sharp as in the other determinations 
which preceded, or in those which follow it. We have, 

* From the Journal of the Amn icon Chemical Society, xxui , No 9 
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however, good grounds for the belief that by the use of 
another cobalt nitrite a sharper graph would result ; in any 
case the reagent must be used fresh. 









400 













300 

2£C_ 

a 

IQ— 

—L 

1 

;c 1 3ci 


Fig. 9. - Determination of K. 

In cup 10 cc. o i/N KC1. 

Titrated with o 5/N NasCOfNOjg 

Readings, 

o cc 

x‘5 cc 

2 5 cc 

30 cc 


362-5 

482 

495*5 

K. Found, 2 cc. 


Theoretically, 2 cc. - 39*10 mgrms. 

«= 39*10 mgrms. K. 

The next determination of a cation was that of Ca in 
CaClz (Fig. 10). The reagent used was o*5/N oxalic acid. 
As before the result of the analysis checked with the 
theoretical amount present. 



Fig. 10.— Determination of Ca. 

In cup 10 cc. o*i/N CaCl a . 

Titrated with o*5/N H 3 C a O t , 

Readings. 

o cc 562*5 

1*5 cc 578*0 

2*5 cc 623*5 

3*0 cc 657*5 

Theoretically, 2 cc. « 20*035 mgrms. Ca. Found, 

2 cc. * 20*035 mgrms. Ca. 

The next experiment was the determination of the Fe" 
content of FeCl? (Fig. 11). The titration was performed 
with o* 5/N Na 3 S. One can hardly fail to be struck here 
with the extraordinary sensitivity of the electro-titrametric 
method so notably illustrated by the results of this experi- 
ment. Thus, 2*792 mgrms. Fe" was dissolved in the con- 
ductivity cup. A glance at the graph shows that by the 
analysis exactly this amount was found to be present. 

Up to now we have considered exclusively the analysis 
of elements and radicles in a solution containing only the 
pure salt. It is hardly necessary to say that by the 
application of such reliable and specific reagents as we 
nsed, the accuracy of the results would not be affected by 
the presence of foreign substances. Many experiments 
have convinced us of the applicability of the electro 
titrametric method in the case of a solution of a mixture of 
salts. We invariably found that the presence of salts 


other than the one in question did not cause variation or 
inaccuracy of results. For this reason we feel it unneces- 
sary to go any further into this question, resting content 
with the statement that intelligent choice of the reagents 
used wi<l, in the case of a mixture of substances in solu- 
tion, prevent the possibility of even the slightest dis- 
turbance. A single illustration of this may be seen in 
Fig. 12, representing tne determination of four different 
substances, Ag, Cl Ba, S0 4 , in a solution containing a 
mixture of K 2 SO t and NaCl. The graph speaks for itself 
in language that is unmistakable. 
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Fig. ii.~ Determination of Fe". 

In cup 1 cc. o*i N FeCfe. 

Titrated w'th o 5 N Na 2 S. 

Readings. 

O CC 410 

o*i cc 410*7 

0*4 CC 535 

0*5 cc 594 

Theoretically, 0*2 cc. ** 2*792 mgrms. Fc", Found 
0*2 cc. » 2*792 mgrms. Fe M . 



Fig, 12.— Determination of ClandS0 4 in the same 
solution. 

In cup 5 cc. o*i/N NaCl ; 5 cc. 0*1 'N K 2 S0 4 . 
Titrated with (A) o* 5/N AgN0 3 ; (B) N/3 Ba(N0 3 )2. 



Readings. 

A. 

0 cc 

5®3’° 

o *5 cc 

.. 560-5 

1*5 cc 

• • 598 5 

2*5 cc 

678*0 

B. 



, . 678*0 

1*0 cc 

675-0 

2*5 cc 

694-5 

3 0 cc 

706*0 

A —Theoretically, 1 cc. * 35*46 mgrms. Cl. 


B.- 


1 cc. *= 35*46 mgrms. Cl, 

-Theoretically, 1*51 cc. - 96*09 m.grms. 
Found. i*5 cc. = 96*09 mgrms. S0 4 . 


Found, 


SOi 
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Fig. 13.— Determination of the acids and basic 
binding capacity (HC 1 , NaOH) of urine (sp. cond. 
260*510-4). 

In cup 50 cc. urine 

Titrated with (A) N HC 1 ; (B) N NaOH. 

Readings. 

Acid Binding (A). 

o cc 555’0 

0*5 cc. . . 556*5 

0*9 cc * • •• 5600 


1*5 cc. 
2*3 cc. 
2*8 cc. 
3‘3 cc. 
3*8 cc. 


Base Binding (B). 


563*5 

569*5 

573*5 

577-0 

580*7 


o cc 559 '° 

05CC. .. 561*5 

o 9 cc 564’° 

i *4 565-5 

1*9 cc .. 566 5 

2*4 cc 567*0 

2gcc 567° 

3*4 cc. .. . 566*0 

3*9 cc. .. *. .. •• 566*0 

4*4 cc 567*5 

4*9 cc. * 567*5 


5*4 cc. 
5*9 cc. 
6*4 cc. 
6*9 cc. 
7*4 cc. 
7*9 cc. 
8*4 cc. 
8*9 cc. 
9*4 cc. 


569*5 

572*0 

575*5 

581*0 

587*0 

595*5 

603*5 

614*0 

628*0 


Previously, we dealt with the determination of acids, 
bases, salts, and mixtures of salts. At this point we take 
occasion to state that this method, which was so success- 
ful for the above mentioned substances, was also of great 
value in the analysis of liquids of biological constitution. 
We have purposely concentrated the largest part of our 
attention upon the analysis of the working basis of the 
method in its wider applications. Therefore we reserve, 
for later publication, the analysis of biological liquids. 
We may, however, remark that by means of our method 
Of analysis of the chlorine and phosphate in such liquids 


(for example, urine) no difficulties were presented, the 
results being in perfect accord with those obtained by the 
other methods. The advantages of the electro-titrametric 
method in these latter instances are the possibility of an 
exact analysis of a few cc., and at the same time an 
extremely high degree of precision. 

It is necessary here to call attention to the act that in 
the determination of S 0 4 in such liquids certain com- 
plications were encountered, which impressed us with the 
fact that we bad to deal with a liquid of different com- 
position from the synthetical solution. Observing certain 
precautions, as, for example, degree of acidity, kind of 
reagent, &c., we were in some instances able to obtain 
results which closely agreed with those of gravimetric 
determinations. 

The last curve (Fig. 13) is an illustration of the acid- 
and base-binding capacity of a physiological liquid, in 
this case urine. The previous statement in regard to the 
use of indicator is especially true in this case. It should 
not be overlooked, however, that the direction of the curve 
in such cases is probably not entirely due to the above 
stated phenomena, because other factors, such as changing 
viscosity, may affect the total result. It is interesting to 
note that in this connection successive precipitations were 
observed after the addition of certain amounts of the 
reagent. 

It is the belief of the writers that such curves may prove 
to be in some cases a more instructive demonstration c.f 
the complex properties of such liquids, and that more 
deductions might be drawn from such cutves than those 
from a turning point of an indicator. 

As the nature of this publication is preliminary, the 
authors wish to reserve the right to develop this held more 
completely in the near future. 


THE NITROGEN OF PROCESSED 
FERTILISERS.* 

By ELBERT C. LATHROP, 

Scientist in Soil Fertility Investigations. 

(Concluded from p. 107). 

The Chemical Principles underlying the Utilisation 
of Nitrogenous Trade Wastes. 

In these days of conservation and scientific manage- 
ment more and more attention is being paid to the trade 
wastes from the various industiies, and to the municipal 
scrap heaps. Things which w< re formerly thrown away 
are now often made to pay for the entire cost of produc- 
tion. After the resources of the chemist and inventor have 
failed in finding any other use for some industrial waste, 
if it be of a nitrogenous nature, the fertiliser industry is 
turned to as a last resort. Here, however, all is not plain 
sailing, since many of these nitrogenous substances are of 
such a nature that the nitrogen is said to be “ unavail- 
able 11 for plant use — that is, the substance is of such a 
nature that it is not readily decomposed by the natural 
agencies at work in the soil, so that for the purpose of 
plant nutrition the nitrogen of such substances is worth- 
less or of little value. In order to render available this 
type of nitrogenous material many different kinds of treat- 
ment have been suggested, and the patent literature 
abounds in inventions of this sort* 

It has already been stated that in order that the plant 
may make use 01 the nitrogen of even high-grade organic 
fertilisers it is necessary for the proteins therein to be at 
least partially decomposable by the biological and bio- 
chemical agencies of the soil. The low-grade organic 
nitrogenous fertilisers resist decomposition by these bio- 
logical and biochemical soil agencies, and their nitrogen is 
therefore considered to be less available for plant use. 


* Bulletin No. 158, United States Department of Agricultur 
Bureau of Soils. • 
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The guiding idea behind the processes proposed for the 
treatment of trade wastes which will not decompose easily 
in the soil as such is to change the nitrogen compounds 
contained in them in such a way that ammonia is formed, 
and that their decay in the soil is more rapid. 

Much of the nitrogenous materials in trade wastes is of 
a protein nature, since the products from which these 
wastes are derived are either of animal or vegetable 
origin. Such is the case with the wastes used m the 
manufacture of base goods. It has been shown that by 
the process used in the case of this fertiliser the non-avail- 
able nitrogenous materials have been made highly avail- 
able, not only because the nitrogen compounds can be 
ammonified quickly in the soil, but also because these 
compounds are directly utilisable by plants. This change 
in the nature of the nitrogen compounds has been brought 
about by the partial hydrolysis of the proteins contained 
in the various trade wastes used in the manufacture of the 
fertiliser. When proteins decompose through natural 
conditions, be they in the soil or out of it, a certain 
amount of hydrolysis of the proteins takes place, and if 
the decomposition is allowed to proceed long enough 
under proper conditions complete hydrolysis will result. 

The principle involved in making the nitrogenous mate- 
rial in the soil available and in increasing the availability 
of low-grade nitrogenous materials by factory treatment is 
therefore the same. In other words, the general chemical 
principle to be applied in making available the nitrogen of 
low-grade fertilisers, trade wastes, &c., is that of complete 
or partial hydrolysis by any suitable means of the proteins 
contained in the wastes. Partial hydrolysis of proteins 
may be accomplished by means of heat, boiling, steaming, 
heating under pressure, and both partial and complete 
hydrolysis may be obtained by treating with strong acids 
or alkalis, either in the cold for a long time or heating to 
a high temperature, the extent of hydrolysis depending on 
the several conditions. In a number of processes already 
in use various of these treatments are practised, resulting 
in different degrees of hydrolysis of the original proteins. 
While the availability of the nitrogen of a fertiliser de- 
pends on the substances in which the nitrogen is contained, 
it also depends on the extent of hydrolysis of the proteins 
used in the manufactuie. It may be stated that in general 
the more extended and final the hydrolysis the more avail- 
able the nitrogen of the compounds formed, since, as has 
been shown, the final products of hydrolysis are utilised 
by the plant as such, and are at the same time more 
readily changed into ammonia by bacteria, &c., than are 
the intermediate compounds produced by partial hydro- 
lysis. 

Summary. 

The base goods used as a type of processed fertilisers is 
an organic nitrogenous fertiliser which contains acid phos- 
phate. This product is produced by the action of sul- 
huric acid on certain trade wastes ; the heat is generated 
y the interaction of the acid with the organic wastes and 
rock phosphate in the course of the manufacture of acid 
phosphate. It is here shown that the hydrolysis of the 
protein is almost complete, the nitrogenous compounds in 
the finished fertiliser being principally the products of pri- 
mary protein decomposition, together with a Bmall amount 
of proteose-like compound which has persisted. 

From the sample of base goods were isolated the follow- 
ing nitrogenous compounds— two purine bases, guanine 
and hypoxanthine ; the three diamino acids, arginine, 
histidine, and lysine ; and two monoamine acids, leucine 
and tyrosine. A proteose-like compound was also ob- 
tained and its general nature established. 

By means of the Van Slyke method the approximate 
proportions of the different forms of nitrogen contained in 
the fertiliser were estimated, and the extent of the hydro- 
lysis of, the original proteins was determined. It was also 
shown by this method that the proteose-like compound 
was composed of acid amide radicles, diamino acid 
radicles, especially lysine, and ^monoamino acid radicles, 


particularly the monoamino acids which contain non- 
amino nitrogen. 

The question of the availability of nitrogen is discussed, 
and from a consideration of the amount and the physio- 
logical action on plants of the different forms of nitrogen 
present m the fertiliser it is concluded that the water 
soluble nitrogen of this fertiliser should have an avail- 
ability equal to or greater than the nitrogen of dried blood 
or other high-grade fertilisers. These results are in accord 
with the results obtained by the plant method of deter- 
mining availability. 

The general chemical principle which underlies the 
method for rendering available the nitrogen contained in 
most trade wastes which are to be used as fertilising mate- 
rials is shown to be either partial or complete hydrolysis of 
the protein of the wastes by any suitable means. 

The more complete the hydrolysis the more available 
the nitrogen in the fertiliser becomes, since the products 
of complete hydrolysis of proteins are not only utilised by 
the plants themselves as nutrients, but they are more easily 
ammonified when placed in the soil than are the more 
complex compounds, such as peptones, proteoses, and the 
proteins themselves. 

This investigation aims only at an explanation and ex- 
position of the general chemical principles involved in the 
treatment of trade wastes and other organic material to 
render the nitrogen contained therein more available for 
agricultural purposes. It does not aim to present the re- 
search methods here employed as general methods for 
analysing such fertilisers, nor can the quantitative figures 
obtained be expected to apply to all products of similar 
manufacture, for the reason that the different kinds of 
nitrogen componnds will necessarily show different pro- 
portions according to the nature of the materials which 
enter into the mixture. 


GLASS RESEARCH, 

The Council of the Institute of Chemistry of Great Britain 
and Ireland appointed a Glass Research Committee in 
October last to conduct investigations with a view to 
arriving at suitable formula for laboratory glass-ware, 
miners’ lamp glasses, combustion tubing, resistant glass 
for pharmaceutical products, glass for X-ray bulbs, &c. 

The Council have published a short report summarising 
the work of this Commitee with a view to arriving at suit- 
able formula to be freely available to manufacturers willing 
to assist in maintaining the continued supply of labora- 
tory glass ware. The importance of this work to numerous 
industries, particularly those concerned with the production 
of war material, will be apparent. 

The Committee consisted of Prof. Raphael Meldola (then 
President of the Institute), Mr. Bertram Blount, Mr. Otto 
Hehner, Prof. Herbert Jackson, Mr. Walter C. Hancock, 
and Mr. T. R. Merton. At their first meeting Prof. Herbert 
Jackson reported that, in conjunction with Mr. T. R. 
Merton, he had already commenced experiments at King's 
College, London, with a similar object in view, and that 
he and his collaborator were prepared to give the Com- 
mittee the results of their work up to that date, and to 
pursue investigations on lines to be determined from time 
to time by tbe Committee. 

Since then, the research has been continued uninter- 
ruptedly, the chief aims being:— (i.) To produce working 
formulae for all glasses used in laboratory work, and (ii.) to 
ascertain the influence of various ingredients on the 
physical and chemical properties of glasses. The work 
was extended to include glass for miners’ lamp glasses, 
at the suggestion of the Home Office, and also glass for 
ampoules, to meet the needs of wholesale pharmaceutical 
chemists engaged in the production of Army medical 
requirements. The Committee have also examined and 
reported on samples of British and French laboratory 
glassware, produced since the beginning of the war, 
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a number of the specimens being made from formulas 
similar to, and in some cases almost identical with, those 
recommended by the Committee. 

The Committee have had before them many specimens 
of glasses used for various purposes, of which analyses 
have been made by Mr. Blount, Mr. Hancock, and Mr. 
Hehner. It has been found, however, that mixtures pre- 
Dared in accordance with the analytical results were not 
always satisfactory; but the analyses were helpful in 
suggesting synthetic experiments, and during recent investi 
gations some intricate analyses made by Mr. Gilbert J 
Alderton under the supervision of Mr. Blount have proved 
especially valuable. Apart from the analyses, the work has 
been almost entirely carried on at King’s College by Prof. 
Jackson and Mr. Merton, and by the former at his own 
house. The work has involved a careful Ftudy of the 
chemistry or silicates, aluminatcs, borates, &c., in their 
relation to the manufacture of glasses. A detailed report 
of these experiments will be published in due course. 

Up to the present time, the Research Committee have 
reported eleven formulae for glasses for various purposes 
based on the results of about 400 experimental melts on a 
scale large enough for drawing rods and blowing small 
vessels. In addition, a very great number of experiments 
have been made in order to study the influence of the various 
constituents employed. No formula has been issued 
without submitting the specimens made to rigorous tests 
to prove their suitability for the purposes for which they 
are intended. Moreover, by varying the experimental 
working conditions, it can be said with reasonable con- 
fidence that the mixtures will prove equally satisfactory 
under the actual working conditions of a glass furnace. 
The question of workable temperatures has been carefully 
considered, and, so far as it is possible to judge, the melts 
on a small scale indicate that even better results will be 
obtained on the industrial scale. This view has been 
justified by the samples already received from manu- 
facturers who have tried some of the formulae. 

In deciding the formulae it has been found necessary to 
pay special attention to the proportions of basic and acidic 
substances in respect of the action of glass mixtures on 
clay crucibles during fusion, and it has been shown by 
careful investigation that the formula proposed give melts 
in which the influence of the ingredients of the crucibles 
is very slight, and in some casps practically inappreciable. 

The following formulae have been communicated to a 
number of manufacturers who have expressed their interest 
in the progress of the investigation and to scientific 
workers who are conducting similar experiments. 

Soft Glasses, suitable for ordinary chemical laboratory 


z. Sand .. .. 67*0 

Sodium carbonate, Na 3 C 0 3 .. .. 34*2 

Calcium carbonate ,. %r6 

Alumina, Al a 0 3 6*5 

A soft glass which does not give up alkali readily to 
water, works well in the blowpipe, and does not 
devitrify readily. 

Parts. 


2. Sand 67*0 

Sodium carbonate, Na 2 C 0 3 . . . . 29 0 

Calcium carbonate 96 

Calcium fluoride r6 

Alumina, AI a 0 3 8*3 

Boric anhydride, B a 0 3 2*0 


A soft glass of higher quality. Does not give up alkali 
under severe tests. A kindly working glass before 
the blowpipe, and very difficult to devitrify. . 

JA Resistant Glass suitable for pharmaceutical purposes, 
ampoules* &c. 


Patts. 


3 - Sand .. .. 67-0 

Alumina, A 1 2 0 3 io*o 

Calcium carbonate 13*5 

Magnesia 0*5 

Potassium nitrate X'o 

Sodium carbonate. Na 2 C 0 3 .. .. 17*0 

Boric anhydride, B a 0 3 8*0 


This glass is intermediate in hardness between soft glass 
and combustion tubing, is highly resistant to 
chemical action, withstands changes of tempera- 
ture well, and should be a very suitable glass for 
high class beakers, flasks, &c. 

Glasses for Combustion Tubing 

. Parts. 


4. Sand.. 68*2 

Alumina, AUO5 6*2 

Barium carbonate 8*8 

Calcium carbonate 13*0 

Potassium nitrate 4*3 

Sodium carbonate, Na a C 0 3 . ... 5*5 

Boric anhydride, B a 0 3 5*5 

Calcium fluoride 1*0 


This glass resembles Jena combustion tubing very 
closely indeed. It has practically the same fusing- 
point. It fuses on to Jena glass perfectly, and is 
indistinguishable from it before the blowpipe and 
in its behaviour on prolobged heating below its 
fusing-point. The presence of the small quantity of 
calcium fluoride facilitates the incorporation of the 
ingredients. The sodium carbonate can be reduced 
to 1*34 parts provided 7*93 parts of anhydrous borax 
be used in the place of boric anhydride. 

Parts. 


5. Sand 68*2 

Alumina, A 1 2 0 3 6*2 

Barium carbonate 8*8 

Calcium carbonate 14*2 

Potassium nitrate 4 3 

Sodium carbonate, Na a C 0 3 . . 5*5 

Boric anhydride, B 2 0 3 5*5 


This glass is practically of the same composition as 4. 
It is not so easy to make or to work, but it does not 
become <*o opaque as Jena combustion tubing on 
prolonged heating. As in No. 4, the proportions 
given for sodium carbonate and anhydrous borax 
can be substituted for the figures for sodium car- 
bonate and boric anhydride. 

Miners' Lamp Glasses 


Parts. 

6. Sand .. 65*0 

Alumina, Al a 0 3 .. «. .. .. z*o 

Calcium carbonate .. 0*6 

Arsenious oxide, As a 0 3 2*0 

Antimony oxide, Sb a 0 3 .. . . i*o 

Potassium nitrate 3*0 

Sodium carbonate, Na a C 0 3 .« .. 14*0 

Boric anhydride, B 2 0 3 24*0 

A colourless and fusible glass withstanding rapid changes 
of temperature exceptionally well. 

Parts. 

7. Sand.. 65*0 

Alumina A 1 2 0 3 x*o 

Calcium carbonate. . .. .. .. o*6 

Arsenious oxide, As a 0 3 2*0 

Antimony oxide, Sb a 0 3 .. .. i*o 

Potassium nitrate 3*0 

Anhydrous borax, Na 2 B 4 0 ;r. . . . 26*68 

Boric anhydride, B a 0 3 5-5 


The same glass as 6, but the ingredients have been 
varied to avoid the use of so much boric anhydride, 
which is at present apparently difficult to obtain on 
a commercial scale. 
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Changes of Thermal Conductivity with Fusion. 


Resistance Glass 

Parts. 


8. Sand 65*5 

Alumina, A^Oq .. .. .. .. 2*5 

Magnesia, MgO 5-0 

Zinc oxide, ZnO 8*o 

Sodium carbonate, Na 2 C 0 3 . . . * 10*2 

Borax anhydrous, Na a B 4 07.. .. 13*0 


A glass almost identical in its general behaviour with Jena 
resistance glass ; w thstands changes of temperature 
well, but, like Jena, is not suitable for woiktng 
before the blowpipe. It darkens and tends to 
devitrify ; operations* such, for instance, as sealing 
side tubes into flasks are difficult, if permanent 
and neat joints are required. 

Formula No. 3, recommended for pharmaceutical pur- 
poses, ampoules, &c., may be substituted for the resistance 
glass with advantage, as the ampoule glass lends itself 
very well to blowpipe work, and is also especially resistant 
chemically. 

Alternative for Combustion Tubing : — 

Parts 


9. Sand 72 o 

Alumina, A 1 2 0 3 io*o 

Calcium carbonate no 

Magnesia, MgO 0*5 

Potassium nitrate, KNOq .. .. 30 

S idium carbonate, Na 2 C 0 3 . . .. n-2 

Borax anhydrous, Na 2 B 4 0 7 . . .. 7*2 


This glass is capable of withstanding high temperatures 
and rapid changes of temperature ; works well 
before the blowpipe, and is free from the chief 
defect of Jena glass, namely, the readiness with 
which it becomes cloudy and finally quite opaque 
after prolonged use. By slight modifications of this 
formula, almost any degree of hardness can be 
obtained. 

In Formulas 8 and 9 substances such as magnesia, 
MgO, and zinc oxide, ZnO, can be added in the form of 
carbonates if the actual percentages of MgO and ZnO 
respectively present in the carbonates are known. 

Soft Soda Glasses suitable for tubing and X ray bulbs 

Parte. 

10. Sand 68*0 

Alumina, AI 2 0 3 - . 4 *° 

Calcium carbonate, CaC 0 3 . . .. 12*8 

Potassium nitrate, KNO3 .. .. 14*5 

Sodium carbonate, Na 2 C 0 3 . . . . 26-0 

11. Sand.. .. 68*0 

Alumina, A 1 2 0 3 4 *° 

Calcium carbonate 12*8 

Potassium carbonate, K 2 C 0 3 - . io # o 

Sodium carbonate, Na 2 C 0 3 .. .. 26*0 

These glasses do not lose their easy-working qualities 
after repeated heating and blowing, and are plastic 
over a long range of temperature. They require a 
temperature of at least 1400° to 1500° C. for com- 
plete incorporation of the ingredients in order to 
obtain that homogeneity which is necessary for 
resistance to rapid changes of temperature and ease 
of working before the blowpipe. 

No. zo, containing potassium nitrate, is considered the 
better of the two, and is more easily incorporated. 

The commitee consider that the formal® they have 
obtained and the work they have done on the various 
glasses justify them in the opinion that there is now 
information available for the manufacture of all the 
important glasses used in the laboratory and for industrial 
purposes, which have hitherto been mainly obtained from 
abroad. 
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PROCEEDINGS OF SOCIETIES. 

PHYSICAL SOCIETY. 

Ordinary Meeting , March 26, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

A paper entitled 11 The Change of Thermal Conductivity 
with Fusion by Prof. A. W. Porter and Mr. F. 
Simeon, was read by the former. 

The change m question was determined for mercury and 
for sodium by finding the temperatures at different points 
of a cylinder of the metal contained in a glass tube. The 
ends of the cylinder were maintained at such temperatures 
that the metal was liquid half-way down its length, the 
remaining part being solid. The temperatures were taken 
by means of thermoelectric junctions inserted in narrow 
tubular depressions which had been formed in the glass 
tube by forcing a knitting-needle down into the locally 
heated glass. The ratio of the thermal conductivity for 
solid and liquid was estimated from the slope of tangents 
drawn to the temperature-curve on each side of the 
melting-point. The values of these ratios are of the same 
order as the ratio of the corresponding values of the 
electrical conductivities. The mean value for mercury is 
3*91, and for sodium 1*31. 

A «ummary list is given of other data concerned with 
fusion. 

Discussion. 

Prof. O. W. Richardson congratulated the authors on 
their satisfactory treatment of an important problem. The 
change of thermal conductivity with fusion had not, he 
believed, been attacked experimentally before. In 
listening to the reading of the paper one felt impressed by 
the small amount of effort, and the simplicity of the 
apparatus with which the authors had been able to solve 
what was generally regarded as a very difficult problem. 
This research, it was interesting to note, was one of the 
few of which the results agreed with the deductions from 
the elementary electronic theory. 

Prof. F. G. Donnan referred to the researches carried 
out at his suggestion by Dr. C. M. Stubbs on the radiation 
emitted by copper, silver, and gold at high temperatures. 
These experiments showed that there was a marked 
change in the distribution of energy throughout the visible 
spectrum when passing from solid to molten metal, and 
pointed to some change in the electronic structure, or in 
the inter-electronic forces occurring at the transition from 
solid to liquid. The complexity of the problem had, so 
far, prevented any mathematical treatment, but there 
appeared no doubt that results such as these, coupled with 
the discontinuities in thermal and electrical conductivity, 
would be of value in throwing light on the inner 
mechanism of the phenomenon of melting. Photometric 
measurements of the light radiated by polished plates of 
metals at high temperatures presented considerable diffi- 
culties owing to the tendency of the “ flowed ” surfaces to 
crystallise, but in spite of these difficulties Dr. Stubbs had 
clearly demonstrated the existence of an abrupt change in 
the radiation-spectrum on passing from solid to liquid in 
the case of certain metals. 

Prof. Porter, in reply, said that while isolated measure- 
ments of thermal conductivity of some substances above 
and below the melting-point had been made by previous 
workers, in no case that he was aware of had sufficient 
data been obtained from which to deduce the sudden 
change which takes place on fusion. He was cognisant of 
the work of Dr. Stubbs, but had always thought the nature 
of the surface was of such importance in radiation experi- 
ments as to make it difficult, on account of crystallisa- 
tion and contamination of the surface at high temperatures, 
to obtain conclusive results. He had forgotten at the 
moment the degree of consistency obtained by Dr. Stubbs, 
but if the results were more or less in agreement thev 
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would undoubtedly point to a change at the fusion-point 
in the xadiation emitted by the substances. 

A paper, entitled “An Instrument jor the Optical 
Delineation and Projection oj Physical Curves such as 
Hysteresis , Resonance f and Characteristic Curves” was 
read by Dr. J. A. Fleming. 

This instrument is designed for projecting on to a screen 
or photographing on a plate such curves as magnetic 
hysteresis, resonance, or characteristic curves which can 
be performed slowly, or are non-periodic or non-repetitive. 
It consists of a base board on which is fixed a thin wooden 
ring wound over with one layer in close turns of insulated 
Eureka wire. The insulation on the top surface is removed 
so as to expose the wire. At the centre of the ring there 
is a pivot which carries a radial arm the end of which rubs 
on the bare Eureka wire. The ends of the Eureka wire are 
connected to a battery of n cells and the middle point ot 
the wire is connected to a terminal, and also the centre of 
the radial arm to another terminal. The arrangement 
forms a circular potentiometer so that any required fraction 
of the battery voltage can be produced in either direction 
between the last mentioned two terminals. On the same 
base there is a rectangular mirror slung on a longitudinal 
axis, which mirror is tilted by a thread wound round the 
shaft of the radial arm of the potentiometer. Hence, if a 
ray of light from a mirror magnetometer or galvanometer 
is reflected to the tilting mirror and thence on to another 
fixed mirror with its axis at right angles to that of the 
other, and thence to a screen, the spot of light will have 
two motions, one a horizontal one proportional to the dis- 
placement of the radial arm, and therefore to the P.D. of 
the two terminals, and another vertical motion proportional 
to the deflection of the galvanometer or magnetometer. 
If, then, we place behind the magnetometor a long coil 
having a long iron wire within it and send a current through 
this coil which is supplied from the potentiometer travel- 
ling terminals, the spot of light will be actuated by two 
motions, one a horizontal one proportional to the mag* 
netising force, and the other a vertical one proportional to 
the central flux density in the iron. It will therefore 
describe a hysteresis curve when the radial arm is moved 
to and fro cyclically through a certain arc or angle. In the 
same manner the instrument can be used to delineate 
characteristic curves of wireless detectors or rectifiers or 
other devices. By using a rotating condenser of variable 
■capacity in place of the circular potentiometer, the instru- 
ment can be used for delineating resonance curves of wire- 
less telegraph plants. 

Discussion. 

Prof. S. P. Thompson complimented the author on the 
simplicity and effectiveness of his apparatus in which, as 
was characteristic of Prof. Fleming’s devices, were 
embodied the results of much careful thought and pains- 
taking experiment. He himself had often felt the 
desirability of having an arrangement by which one could 
vary the magnitude of an electric current in such a way 
that it should be directly proportional to some movement 
in a straight line. He had thought out various potentio- 
meters in this connection, but the difficulty with potentio- 
meters was the small current obtainable from them which 
was a disadvantage in magnetic work. Prof. Fleming had 
surmounted the difficulty of straight line proportionality by 
working round an axle instead. 

Mr. W. Duddbll joined in congratulating the author on 
the wide utility of his instrument. He recalled that when 
delivering his first lecture on the oscillograph he had been 
confronted with the problem of projecting the motion of a 
apot of light in two co-ordinates on a screen, and had 
used a very similar arrangement to Prof. Fleming’s. He 
slso had a circular rheoBtat, but instead of a string con- 
nection to the mirror he had used a cam. This apparatus 
had worked very satisfactorily. 

Prof. E. Wilson said the apparatus was undoubtedly 
admirable for demonstration purposes, and one naturally 
woufcred what degree of precision would be possible with 


it if applied to research. It appeared from the step and 
stair motion of the spot on the screen that the speed would 
be limited on account of the damping of the magneto- 
meter or galvanometer employed. 

Prof. S. W. J. Smith described a method which he had 
found to be simple and effective for tracing hysteresis loops. 
An ingenious rheostat had been devised by Prof. Morris in 
which by the rotation of a handle two contacts are made 
to slide in opposite directions along a resistance which is 
connected directly across the battery. The voltage at the 
contacts varies continuously between ± the whole P.D. 
of the battery, being zero when they are at the middle. 
This rheostat is mounted vertically, and a white card of 
suitable size is attached to one of the moving contacts 
from which the magnetising current is taken ; then, if the 
magnetometer spot is focussed on the card and its position 
marked as the current is varied, the hysteresis loop is easily 
traced out. The Morris resistance satisfies some at least 
of the requirements mentioned by Prof. Thompson, though 
for the method he had described simpler rheostats of 
similar type could also be used. 

Prof. Morris agreed that the question of getting a 
current which is proportional to some linear motion was 
a difficult one. Before arriving at the design of the 
rheostat mentioned by Dr. Smith he had tried various 
other types, including a circular one similar to Dr. 
Fleming’s. The main point about his rheostat was the 
magnitude of the currents which could be taken from it. 
It would stand 20 amperes for a short time. 

Mr. A. F. Hallimond pointed out that in taking the 
characteristic curve of a contact if the resistance of the 
potentiometer is comparable with that of the contact, 
the linear relation between the motion of the slides and 
the P.D. the contact is destroyed. In his instrument, to 
which Prof. Fleming had referred, and which he hoped to 
describe more fully at a future occasion, it was possible 
to make the connections so that the linear relation always 
held. 

Prof. Fleming, in reply, thanked the various speakers 
for their remarks, and said that he hoped to improve con- 
siderably on the apparatus, especially as regards the optical 
arrangements. When this had been done he thought it 
would be extremely accurate, and quite suitable for 
research work. 

A paper, entitled “ The Stability ot some Liquid Films,” 
by Dr. P. Phillips and Mr. J. Rose Innes, was read by 
the former. 

The authors give a simple method of calculating the 
equilibtium form of a thin film which is a surface of revo- 
lution. 

They then consider the stability for certain kinds of 
displacement of three classes of such films, viz., the 
sphere, the cylinder, and the catenoid. The mathematics 
used is quite elementary throughout and the treatment is 
rigorous. 

Discussion. 

Prof* J. W. Nicholson thought the paper was of con- 
siderable interest not only to teachers, as suggested by the 
author, but to physicists in general. He admired the geo- 
metrical construction given and the simple way in which 
the stability or otherwise of a particular form was deter- 
mined. 

A Demonstration of the Green-flash of the Setting of an 
Artificial Sun was given before and after the meeting by 
Prof. A. W. Porter and Mr. E. Talbot Paris. 

A large disc of card, mounted so that it can be slowly 
rotated, has a bole, one inch in diameter, cut in it 
about two inches from the periphery. This is covered 
with red gelatin films, and is illuminated from behind so 
as to form an artificial sun. The front of the disc is 
covered with white Bristol board, and is moderately illumi- 
nated by a lamp in front. This sun is viewed through a 
rectangular aperture (four inches wide) in a blackened 
board, the lower edge of the aperture serving as the 
horizon. When the disc is rotated the artificial sun sets 
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and green after-images are obtained of characters varying | 
according to the amount that the eye has been exposed to 
the bright sun. If the sun is not viewed until immediately 
before the complete setting the after-image represents 
simply the disappearing segment to which it is due. 

The authors claim that this phenomenon is what is often 
described as the green-dash at sunset, though they are 
ready to admit that other (but probably rarer) phenomena 
also go under the same name. 

Mr. W. Duddell proposed a vote of thanks to Profs. 
Fleming and Porter for their kind invitation to University 
College, and for the excellent programme which they had 
submitted to the Society. 

The vote was unanimously endorsed by the meeting. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Meeting , March 31, 1915. 

Mr. A. Chaston Chapman, President, in the Chair, j 

Messrs. Christopher William McHugo, Cyril Joseph 
Heath Stock, George Tate, and Thomas Edward Wallis 
were elected members of the Society. 

Certificates were read tor the first time in favour of 
Messrs. Edward Theodore Brewis, 31, Belgrave Road, 
Leyton, Essex; William McDonnell Mackey, Victoria 
Chambers, Leeds ; and Percival John Fryer, Ravenscar, 
Pembury Road, Tonbridge, Kent. 

The following papers were read 

“Estimation of Methyl Alcohol in presence of Ethyl 
Alcohol By G. Cecil Jones. 

Simmonds (Analyst, 1912, xxxvii., 16) has confirmed the 
great delicacy of DemgSs’ method, which depends on 
oxidation of methyl alcohol by permanganate and colon- 
metric estimation of the formaldehyde produced, under 
conditions such that no ethyl alcohol can be oxidised to 
formaldehyde, and that acetaldehyde can develop no 
colour with the Schiff *s reagent used for the colorimetric 
estimation of the formaldehyde. With one exception he 
has laid down conditions for the test which ensure a 
maximum of sensitiveness without risk of ambiguity in the 
results. He did not, however, show how serious were the 
errors which might attend a very small departure from 
some of the conditions he laid down. These are now 
shown, as well as the fact that the composition of the so- 
called Schiff’s solution— not defined either by Deniges or 
Simmonds— is of the utmost importance, the formulae to 
be found in many text-books yielding a solution quite 
useless for the purpose, unless some of the conditions laid 
down by Denigfcs and Simmonds are modified to meet the 
case. The accuracy and convenience of the method, 
under standard conditions easily realised, is confirmed. 

« Determination of Niobium in the presence of Tantalum , 
and some Reactions of Tantalum Compounds By Arthur 
G. Levy. . . . . , . 

A volumetric method for the determination of niobium 
in the presence of tantalum is described. The method is 
based on the fluoride method of Osborne, but reduction 
only goes as far as an oxide, NbioOi7, with an N/10 per- 
manganate equivalent of 0*00834 gnu, per cc. 

It is shown that large losses of tantalum are caased by 
(a) dissolving tantalum oxide in hydrofluoric acid and 
igniting the residue obtained on evaporation to dryness, 
(5) igniting potassium tantalum fluoride with excess of 
potassium fluoride at a red heat, and (c) igniting mixtures 
of tantalum oxide and ammonium fluoride. 

« Estimation of C 0 2 in Self-raising Flour and Baking 
Powders.” By Thomas Macara, 

The author points out that the estimation of available 
CO* in baking powders, &c., by means of the Schrodter 
apparatus and similar methods does not include the CO* 
liberated by the action of heat on the excess of bicarbonate 


generally present in these mixtures, and shows that 
bicarbonate of soda boiled for thirty minutes decomposes 
into the sesquicarbonate, thus liberating 25 per cent of its 
CO*. He further describes a simple method for estimating 
available CO* in such mixtures which will include this 
fraction. 

“ Method for the Determination of Chlorine in Cheese.” 
By Elfreida C. V. Cornish and J. Golding. (From 
the Dairy Research Department, University College, 
Reading). 

The determination of the percentage of chlorine in 
cheese by the method of ashing is very tedious and unsatis- 
factory. A method has been devised by the authors to 
obviate this difficulty, and consists essentially of the distil- 
lation of chlorine from the cheese in the form of HC 1 by 
heating with strong H2SO4 in a Kjeldahl flask, the pre- 
cipitation of AgCl by the HC 1 so driven off, in a solution 
of AgN 0 3 and concentrated HN 0 3 , filtration of AgCl pre- 
cipitate, and titration of unused AgN 0 3 by Volbard’s 
method. A further advantage of the method lies in the 
fact that the residual substance in the Kjeldahl flask can 
be used for nitrogen determination in the usual way. 

“Bromine Method of Determining Phenol.” By W. 
Versfeld. 

The author compares the value of sodium hypobromite 
solution, and of bromine in potassium bromide solution for 
estimating phenol, and finds that there is little to choose 
between them provided proper precautions are observed. 
He also gives figures which indicate that aqueous solutions 
of phenol slowly change on keeping, giving a higher 
“bromine value M than when freshly prepared. 

“ Estimation of Sulphide and Sulphate Sulphur and the 
Action of Solvents on Vulcanised Rubber By Henry P. 
Stevens. 

The vulcanised rubber is first swollen in a solvent such 
as ether, in which state sulphides, such as lead sulphide, 
are completely attacked by hydrochloric acid, and the 
sulphuretted hydrogen available may be collected and 
estimated, giving the sulphide sulphur present. The sul- 
phate sulphur is contained in the acid extracts. 

Tables are also given showing the progressive decom- 
position of vulcanised rubber by the action of acid in the 
presence of a solvent. 


THE BIOCHEMICAL S CIETY, 

The next meeting will be a joint meeting of the Bio- 
chemical Society and the Society of Public Analysts and 
other Analytical Chemists, and will be held m the rooms 
of the Chemical Society, Burlington House, Piccadilly, 
W., on Wednesday, May 5th, 1915, at 8 p.m. 

The meeting is to be devoted to a discussion of 
“ Methods adopted in the Estimation of the Nitrogenous 
Constituents of Extracts derived from Albuminous Sub- 
stances such as Meat Extracts and similar products, with 
special reference to the Interpretation of Results.* 1 

The following scheme, which represents the chemical 
methods commonly made use of in the examination of 
nitrogenous extracts, is intended to serve as the basis of 
discussion 

Meat Fibre and Coagulable Albuminoids . — xo grme of 
the extract are dissolved in xoo cc. of cold water. Five 
drops of acetic acid are added and the solution brought to 
the boil, and allowed to boil gently for five minutes. It is 
then filtered, and the precipitate is washed with warm 
water, and the nitrogen determined by Kjeldahl’s method 
in the ordinary way. Nx 6*25** meat fibre and coagulable 
albumenoids. 

Albimoses md Peptones . — The filtrate from the meat 
fibre and coagulable albumenoids is made up to a definite 
volume and an amount corresponding with 5 grms. of the 
original extract pipetted out. To this is added a few drops 
of hydrochloric acid, and then bromine water in large ex- 
cess. The precipitate is then collected in tubes by means 
of a centrifugal machine, washed with bromine water in 
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THYMOL : 

I Ta MELTING- AND SOLIDIFYING POINT. 
By ROBERT MELDRUM. 


There is considerable variation in the published melting- 
points of thymol, as wilt be seen from the following 
figures: — 14 J C., Allen, Sprecker, Fownes, Cooley; 
49*5° C., Bayley, 50° C., Roscoe and Schorlemmer, 
Thorpe, Kraugh. It would thus appear that two modifi- 
cations of thymol exist, with melting-points of 44° and 
50° C., or else that it undergoes a change on prolonged 
heating, which reduces its melting-point. The author has 
therefore undertaken the examination of the solidifying 
and melting of thymol under varied conditions, with the 
view of ascertaining the conditions which control varia- 
tion from the normal. Unless otherwise stated, the same 
test tubes, 6 x 1 in., were used throughout the solidifica- 
tion tests, and the same thermometer, a 52° C. divided 
into tenths. 

The Solidifying-point, 

Method A. — Constant stirring in Air at 6o° F. — 
Melted thymol at various temperatures from 8o° to 
60" C. till all traces melted for varying periods and stirred 
with thermometer till temperature ceases to fall, and con- 
tinued stirring till temperature rises to maximum ; fixed 
thermometer in centre, 1 cm. from bottom of tube, and 
noted readings 

Solidifying-point + rise, U C 48-5 48*5 48*5 48*5 48-5 48*5 
Rise 3*2 37 3*2 17 27 2*8 

Minutes to fall from 52° C. to zero . • . • . • about 4 

Minutes to rise from zero to maximum . • . • about 1 

Minutes stationary at solidifying-point . . . . about 5 

What takes place here is that, when lowest temperature I 
is reached, on cooling fine crystals form in the melt, and as 
stirring is continued and temperature rises a shower of 
crystals fail to bottom of tube, the tube at same time 
becoming coated on one side to a depth of 2 mm. with 
crystals. When solidification is complete and temperature 
has fallen 1*5° C. below solidifying-point, about 70 per 
cent of contents of tube is still liquid ; even when tempera- 
ture has fallen 5 0 C. below maximum rise the greater part 
is still liquid. The remarkable feature of these experi- 
ments is the constant solidifying-point obtained and 
failure to attain solidification without supercooling* That 
complete solidification of contents of tube does not con- 
tinue at 48*5° C M though ideal conditions are present, 
requires explanation. As solidification will not begin till 
supercooled, it is apparent the rising temperature stops 
crystallisation, and supercooling again requires to take 

lace to again start crystallisation. Thymol, therefore, 

ehaves on solidifying as if it were two different sub- 
stances, one which solidifies at 48*5° C. and the other at 
a much lower temperature. But there can be no doubt 
the phenomenon is due to supercooling effect. 

Method B.— Stirred while being Cooled in Cold Water, 
—Melted at 70** C. and cooled by stirring in air to 52° C , 
plunged tube into cold water at 8° C. and continued 
stirring till temperature ceased to fall and rose to maxi- 
mum, and fixed thermometer 1 cm* from bottom of tube 
and in centre : — 


and Solidifying-point . 


Solidifying-pomt + rise, °C. . . . « • . 48*3 48-3 48 3 

Rise, °C 11*3 97 n*8 

Time to fall from 52" C. to zero and 

rise to maximum ij mins* 

Time thermometer stationary at 

maximum 2 mins. 

It is evident this method also yields constant results, 
though solidification is 75 per cent more rapid than when 
cooled m air by Method A. Failure to obtain normal 
solidifying- point is most likely due to temporary thermo- 
meter bulb and stem effects due to rapid cooling. The 
main point of these experiments is that supercooling is 
four times as great as by Method A, though cooled three 
times quicker, which points to the time factor as being 
essential for crystal formation. We here see the speed of 
crystallisation is slower than the rate of cooling. The 
whole contents of tube do not solidify at 48*3° C. a but 
only part of same, complete solidification taking place as 
the temperature is lowered. After completion of above 
tests the thermometer was tested against a standard one 
and found correct. 

Method C . — Solidification while Partially Melted . — 
Melted partially at 49° to 50^ C. till about three-quarters 
melted, and stirred up crystals with the liquid. Removed 
from bath and stirred with thermometer till temperature 
ceased to fall, and fixed thermometer for readings : — 

Solidifying-point + rise, °C 48*5 48*6 48*5 48*3 48*4 

Rise, °C o*o o*6 o’i 0*2 0*0 

As soon as thermometer is fixed all the crystals fall to 
bottom and attach themselves to sides. When thermo- 
meter has reached maximum and fallen to 48° C. one- 
half of thymol is still fluid. Though crystallisation has 
taken place under extra good conditions, and a fairly con- 
stant solidifying-pomt registered with minimum super- 
cooling effect, yet the bulk of the thymol remains fluid* 
The time factor is here prominently brought out. The 
amount crystallised here per unit of time must be very 
small, as supercooling rapidly ensues. The solidifying- 
point by this method varies by 0*3° C., which Is apparently 
due to small percentage crystallised, while the thermo- 
meter remains at maximum. Constant points cannot 
be expected when supercooling ensues so rapidly. It 
would appear that as the supercooling effect becomes 
eliminated the amount crystallised per unit of time de- 
creases, resulting in a short period stationary-point, super- 
cooling again commencing* 

Method D. — Cooled by Stirring in Hot Water Jacket , — 
Melted thymol at 70° C. and cooled by stirring in air to 
52° C., and placed tube in large hot water jacket at same 
temperature ; stirred thymol and hot water jacket con- 
stantly, and allowed to cool at rate of cooling of water 
jacket : — 

Solidifying point, + rise, °C 48*9 49*0 49*0 48-8 

Rise, °C*. 0*4 02 1-5 o*8 

During solidification tube is full of floating crystals, 
which rapidly fall to bottom on ceasing to stir. The 
shower of crystals fall from surface of thymol where super- 
cooling must be present, due to contact of thymol with the 
air at 6o° F. The rate of crystallisation is very slow, even 
with stirring, and apparently is slower than rate of cooling 
of large water jacket. This again points to the slow crys- 
tallising speed. What takes place here is solidification in 
surface la>ers, which are broken up by the stirring and 
dispersed through the mass. We have every reason to 
believe these layers are supercooled. The author has 
already pointed out this fact as regards mutton tallow 
(Chfmicai* News, cxi., p. 37). From this it will be 
seen that large surface and small volume, and vice vend, 
will more or less modify solidification. A noted feature 
of above results is high solidifying points, which will re- 
quire further explanation. 
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Method E.— Cooling in Cold Water without Stirring. 
— Melted at 70° C., and cooled by stirring m air to 52° C 
Fixed thermometer in centre of tube z cm. from bottom 
and plunged into cold water at 8° C. : — 

Solidifying-point +rise,°C. 44*8 46*0 43*5 447 397 

Rise, °C. .. 19*2 26*8 24*8 24*5 16*5 

Below normal, n C 37 2*5 5*0 3-8 8*8 

Minutes to cool from 52 0 C. to zero . . . . 5 

*1 m rise 5 

The crystallisation sometimes takes place from surface 
of thymol and at other times from bottom of tube, and 
proceeds more or less in either direction, and sometimes in 
one direction only ; at other times crystals stait from sides 
of tube, and so on. The erratic zeros are due to bulb oi 
thermometer being near or away from z ones of crystallisa- 
tion. Several times it was observed that while all the tube 
had crystallised the 2one around bulb was fluid. Erratic 
solidifying-point is therefore due to location of zones of 
crystallisation in relation to thermometer bulb. Failure to 
attain normal solidifying-point is due to rate of super- 
cooling being greater than rate of crystallisation. The 
experiments point to the great importance of stirring in 
breaking up the crystallising zones and producing a 
uniform dispersion of the crystals throughout the melt. 
Failure to attain the normal in numerous solidifying-pomt 
determinations of the fats and waxes is no doubt due to 
this cause. 

Method F .—Air Cooled without Stirring. — Melted at 
70° C. and cooled by stirring in air to <52° C., fixed thermo- 
meter 1 cm. from bottom of tube and in centre, and placed 


in apparatus to cool. 

A. 

B. 

C. 

D. 

E. 

Solidifying-point 4- rise, X. 

436 

4X-S 

45*4 

417 

44*7 

Rise, X * . 

7’b 

4*o 

18 0 

92 

15-5 

Below normal, U C 

49 

6 7 


6*8 

3*« 

Minutes to fall 52 0 to zero 

24 

20 

29 

*7 

23 

Minutes to rise 

30 

20 

Co 

20 

19 

Minutes stationary . . . - 

i*5 

1 

1 

I 

3 


The nature of crystallisation here is exactly similar as 
under E. The same remarks apply. It is evident that 
heating and cooling is taking place at different speeds at 
different points in the tube. The rate of cooling here is 
from three to five times as slow as under E, and speed of 
crystallisation as measured by speed of rise is from five to 
twelve times as slow. These experiments show clearly 
how easily false solidifying-points may arise, not only as 
regards thymol but with other compounds. The following 
notes as to the nature of the crystallisation are of interest, 
and explain how false and erratic solidifications arise 

A. Thermometer begins to rise while bulb is in liquid 
zone, and 1 cm. crystals at top and bottom of tube. At 
43° C. crystallisation has extended upwards and down- 
wards, just touching top and bottom of bulb. At maximum 
rise still partially liquid around bulb. 

B. At 37*8° C. crystallisation has ascended from bottom 
of tube to bottom of bulb. All around bulb is liquid. At 
41*8° C. nearly all liquid about bulb, and even alter tem- 
perature has fallen z°. 

C. At 32° C. no crystals formed at bottom of tube. 
Bulb in fluid zone. At 27*5° C. 2 cm. crystals at top of 
thymol, but none at bottom. 

D. At 32*5° C. crystals appear at bottom and top, and 
also a group on side of tube just above level of bulb. At 
maximum rise upper half of thymol still fluid. 

E. At 29" 2° C. crystals at both top and bottom of tube, 
and on side of tube above bulb level. At maximum rise 
partially fluid in centre of tube and around one side. 

Speed of Crystallisation at various Supercooled 
Temperatures . 

The author has measured approximately the speed of 
crystallisation at various supercooled temperatures by 
measuring the volume of crystals formed by means of a 


graduated tube. Melted at 70° C. and cooled to 52° C. 
by stirring in air, fixed thermometer in tube, and al'owed 
to supercool to indicated temperature, then rapidly stirred 
till thermometer rose to maximum and fixed thermo- 
meter for readings. Then removed thermometer and 
measured volume of crystals at bottom. 

Supercooled to °C 43*5 38*5 33*5 

Solidifying-point + rise, X... 48*4 48"4 48*2 

Rise, X 4*9 9*9 1^7 

Crystallised (per cent) .... 25 50 65 

As to be expected, the per cent of solidification follows 
the supercooling. The feature of these experiments is the 
large amount rapidly solidified when supercooled 15°, 
though a low solidifying-point is indicated. Moreover, 
though rapid and extensive crystallisation has taken place, 
yet the solidifying-points are from o*8 u C. to 0*4° C. lower 
than by Method D, where the crystallising rate is very slow. 

It would appear therefore that some conditions are present 
which lower the solidifying-point and which are not 
known, as the solidifying-pomt when determined by good 
methods shows a variation oi o 8° C. Even stearic acid, 
as the author has shown (Chemical News, cviii., 199), 
shows a difference also of x° C. in its solidifying-point 
wnen the method ot cooling is altered. 

Solidification in Capillary Tubes . 

In tubes and fiat dishes of various diameters, the cooling 
being allowed to take place very slowly, thymol always 
solidifies within two hours. The author could not succeed 
m retarding solidification beyond that time. In capillary 
tubes oi 1 mm. bore it may be maintained in the fluid con- 
dition for weeks with temperature of air at5o°F. The 
column of fluid thymol may be repeatedly moved up and 
down, and allowed to flow from one end of tube to the 
other, a distance of 6 cm., without solidification taking 
place* On touching end of tube with a little thymol 
powder solidification immediately takes place. On gradually 
cooling at the melting-point on large thermometer bulb w 
15° C. liquid thymol may be obtained in large drops 
apex of bulb, which may be moved up and down bulb by ■ 
tilting without solidification taking place. 

A most interesting experiment as regards the solidifica- 
tion of thymol is by melting thymol at 60° to 70° C. in 
tube, and immersing thermometer in same till it attains 
same temperature, withdrawing, and exposing to air at 
2° C. When thermometer has fallen to this temperature 
a large drop of thymol is on apex of bulb, which may be 
worked up and down and about bulb without solidification 
taking place. When solidification does take place it starts 
about 5 cm. up stem and slowly increases downwards 
towards apex, which may take fifteen to twenty minutes. 
From this and the behaviour of thymol in capillary tubes 
it would appear that surface tension is the cause of failure 
to solidify. 

Melting-point of Thymol . 

Thermometer Bulb Method — 

487 49 49 *° 49*3 49*2 X. 

These are the temperatures at which first drop appears. 
The drops are very slow in forming. 

Opacity Method,— Ten grms. in test-tube, g x 6 ins., 
and heated in water-jacket at the rate of ten minutes per 
degree. Stirred jacket all the time, and also thymol as 
soon as sufficiently fluid. Heated till ail traces melted, 

50*1 50" 1 50*0 °C. 

Floating on Water Method . — Placed 1 grm. in 200 cc* 
water, and heated very gradually. Stirred water slowly. 
Melts at 43° C., and solidifies at 42° C. It is clear 
that water lowers the melting-pointi no doubt due to 
hydration. 
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Influence of Water on the Solidifying-point. 

Twenty grms. thymol in tube z 1/32 inch bore to which 
was added, roughly, 0*25 cc. water. Heated to 70° C., 
and stirred ; the greater part of the water does not dis- 
solve, but falls to bottom as a globule. 

Solidifying-point by Method A. 

Solidifying-point f rise, °C... 45*4 45*3 45*6 

Rise, °C 4*4 2*3 3*6 

Supercooled to 43° C. and stirred. Temperature fell 
to 40° C. 

Solidifying-point +■ rise, °C. . . 45*5 

Rise, °C 5-5 

Added abont 1 cc. more of water » to about 6 per cent. 
Nearly all water at bottom ; will not dissolve. 

Solidifying-point 4- rise, °C.. 40 39*9 

Rise, °C 8 1*4 

Thymol with 1 per cent Water. 

Ten grms. of thymol with 0*1 cc. distilled water in test- 
tube, 6X4 in. The thymol previous to adding water gave 
a solidifying-point of 49-2° C. with three determinations. 
After adding water the results were 

48-15 47 50 47-1 460 45-7 45-1 45-1 °C. 

Each time the thymol is solidified and re-melted more 
water goes into solution or combination. At 45 *z all 
water has disappeared. This shows that 1 per cent water 
lowers the Bolidifying-point by 4*1° C. It was found 2 per 
cent lowers it 6*2° C. 

These facts explain to a considerable extent the varia- 
tion in the solidifying-point of thymol due to moisture in 
the air, tubes, and the thymol itself. The tests indicate 
that a little more than traces of moisture may lower the 
solidifying-point by nearly I s " C. Though solid th>mol 
does not absorb moisture in the same manner as phenol, 
yet in the melted condition it hehaves in a similar manner. 

Influence of Bote of Tube on Solidifying-point, 

The author has previously investigated the influence of 
bore of tube in the solidification of spermaceti (Chemical 
News, cxi., 37), with negative results. That the bore of 
tube affects the solidifying-point of thymol will be seen 
from following results : — 

Tube i-'j in. Bore by Method A. 

Solidifying-point + rise, C C. .. 48-65 4 8-65 48*65 
Rise, °C 6-6 4-6 5*1 

Supercooling in Air and Stirring Method . 


Supercooled to C C , 

• 47 

45 

43 

Falls on stirring to °C. . . . 

• 45’5 

44 


Solidifying-point + rise, °C. . 

- 487 

487 

487 

Rise 

• 3’2 

47 

77 


Tubes 22 ; 32 and 16 32 in. Bore by Method A. 

Solidifying-point rise, C* 49*2 49-2 49-2 49 2 

Rise, °C 2 2 2*5 3 0 z*9 

Here the solidifying-point is lowered 0*55° C. by 
increasing diameter of tube. This may be due to larger 
surface of melted thymol being exposed to moisture in air. 
But the theory which agrees with actual facts is that it is 
due to ratio of surface of tube to volume. As diameter of 
tube increases, surface area decreases and volume 
increases. The final result being that more matter is 
crystallised per unit of time in proportion to volume with 
narrower tubes. This would apply to all substances 
having the supercooling effect. 


ill 

Thymol and Oil of Thyme , 

Twenty per cent oil thyme + 80 per cent thymol in tube 
6xf in. Solidifying-point by Method A. 

Solidifying-point + rise, °C 38-8 38-8 38-6 38*8 38-7 
Rise, °C 0-8 1-3 3*6 3*8 07 

About one-third only solidifies at 38*8, even on allowing 
to cool to 36 s C. After maximum rise, crystallisation 
slows down or almost ceases. If stirring is continued too 
long when solidification begins a setting point of only 
37 p 5° will be reached. 

Effects of Supercooling of Mixture. 

Supercooled to °C. . . 38 36 34 32 30 28 26 

Onstirringfal!sto c C. 35 35 33 30 28 26*5 25 

Solidifying - point + 

rise, °C 38*6 38*1 37*7 37*2 36*6 36-3 35*6 

Rise, °C 3*6 3*1 47 7*2 8*6 10*2 io*6 

Below normal, °C. . . 0*0 07 rx z*6 2*2 2*5 3*2 

When the mixture of thymol and oil is allowed to cool to 
1 5 0 C. for twenty. four hours the oil separates out 
indicating that the oil is not soluble in thvmol at that 
temperature. Apart from any question of solubil'ty it does 
not form a homogeneous solid, like mixtures of the solid 
and liquid fats, but yields a solidification more like a 
deposit of salt from a saline solution. Failure to reach 
the normal solidifying-point when supercooled is no doubt 
due, like thymol itself, to speed of crystallisation. The 
indicated solidifying-point lowers with supercooling. Ihis 
is the explanation of many false solidifying-points of mix- 
tures of solids and liquids. Solidification in hot water- 
jacket 39 0 C. 

Melting point of Mixture. 

By the opacity method ; heating slowly in test-tube in hot- 
water jacket till all traces melted. Three determinations 
gave 41 0 C. The melting-point is therefore 2*2° C. higher 
than setting point. 

Summary. 

The solidifying point of thymol varies between 48*2 and 
49" 2° C. The variation is due to bore of test-tube and 
absorption of moisture by thymol. The higher figure is 
to be accepted, as it approaches more closely the melting- 
point. 

DETERMINATION OF COPPER IN STEEL.* 

By W. D BROWN. 

In view of the increased use of copper in steel as a pre- 
ventive of corrosion and of the necessity of completing the 
determination in a vefy short time, a rapid and accurate 
method for the determination of copper in steel is essential 
to a steel works laboratory. 

The precipitation of copper by potassium or ammonium 
thiocyanate solution has been used in the gravimetric 
determination of copper. Van Name has^ shown that, 
under certain conditions of concentration, acidity, &c., the 
precipitation is complete {Am. yourn. Sci., x., 451 ; xii., 
20 ; and Gooch’s “ Chemical Analysis,” p. 108). Tread- 
well and Hall describe a method for the titration of 
cuprous thiocyanate, CuCNS, with potassium iodate 
(“Analytical Chemistry,” 1914, ii., 672; 1910, p, 599; 
see also yourn. Am. Chem, Soc. t 1908, xxx., 760) ; in this 
titration iodine is at first set free and absorbed by the 
chloroform added as an indicator, then oxidised by more 
iodate to iodine chloride, the violet colour disappearing 
from the chlorofcrm. 

In the method submitted here potassium iodate is used 

* Presented before the Pittsburg Section of the American Chemical 
Society, January 21 , iqts. From the Journal of Industrial and 
Engineering Chmishy, via., No, 
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in excess, and the excess, after the addition of potassium 
iodide, is titrated with sodium thiosulphate. 

Method. — Five grms. of steel are dissolved in 65 ec. Of 
a mixture of 40 cc.nitric acid (1*20 sp. gr.), and 25 cc. 
sulphuric acid (1 : 1), and the solution evaporated to fumes 
of sulphur trioxide m a covered porcelain dish over a high 
flame ; care must be taken that all nitric acid is expelled. 
The dish is removed from the heat, and, when cold, 50 cc. 
of hot water are added, and the solution boiled, trans- 
ferred to a No. 5 beaker, and diluted to 400 cc. with hot 
water. When all the ferric sulphate is in solution, 50 cc. 
strong ammonium bisulphite are added while stirring, 
followed by 25 cc. of 5 per cent potassium thiocyanate. 
The solution is boiled until precipitation is complete, 
which requires five minutes, ana filtered by suction through 
a 11 cm. No. o Munktell filter, the precipitate and beaker 
being washed with cold 1 per cent sulphuric acid solution. 
Paper and precipitates are transferred to a beaker, 20 cc, 
hydrochloric acid (1 : 1) are added, followed by standard 
potassium iodate solution (2 cc. for each 0*1 per cent 
copper expected). The paper is well macerated with a 
glass rod, and water added to a volume of 500 cc. ; the 
potassium iodide solution is now added ( x cc. of 10 per cent 
solution for eachcc. of iodate added), and free iodine titrated 
with standard thiosulphate solution; the thiosulphate 
should be added rather slowly, and the solution stirred 
vigorously, care being taken that no part of the solution 
is bleached before the whole. When the yellow colour of 
free iodine has nearly vanished, 5 cc. starch solution are 
added, and the titration continued until the blue is 
bleached. The difference between the iodate and thiosul- 
phate represents the copper. 

Calculations.— The reactions and calculations are rather 
intricate. The iodate when in .excess oxidises the copper 
thiocyanate as follows (Treadwell and Hall) 

1. 4 CuCN S 4 - 7KIO3 + I4HCI as 

■* 4 CuS 0 4 +7ICI + 4 HCN + 7KC1 + 5H2O, 
from which it is seen that 7KIO3 oxidise 4 Cu and an 
iodate solution made accordingly gave correct results on 
titration using chloroform. If now the solution be diluted 
and an excess of potassium iodide be added the iodine 
chloride, IC1, will be changed to free iodine according to 
the reaction— 

2. 7lCI-|-7KI™i 4 I+7KCl; 7KIO3 oxidise 4 Cu and at 
the same time liberate i 4 I, or 1KIO3 liberates 2I. The 
excess of KIO3 has been reduced by potassium iodide 
according to the reaction — 

3. KI0 3 +5KI+6HCU6KC1*3H 3 0+6I, from which 
it follows that one KIO3 in excess liberates 61, whereas 
each KIO3 which oxidises copper liberates 2I or one-third 
the former. 

Therefore one-third of the oxidising power of potassium 
iodate Is reclaimed on addition of potassium iodide. It 
was shown that 4 Cu=7KI0 3 in concentrated acid solu- 
tion (1). In dilute solution, after addition of potassium 
iodide, 4 Cu = two-thirds of 7KIO3 or iCu « JKIO3. 

For the above titration 1 cc. should equal o'i per 
cent copper on a 5 grm. sample, or 1 cc. - 0*005 g rm * 
copper. Then x cc. should contain 0*005 x 7KIO3/6CU, or 
1000 cc. should contain 19*64. grms. potassium iodate. A 
solution of potassium iodate was standardised with sodium 
thiosulphate against potassium permanganate which had 
been standardised against sodium oxalate, and it was 
found that the “ C.P.” salt contained but 97 per cent of its 
theoretical oxidising power, there being some potassium 
carbonate present as well as other impurities. Taking 
this into consideration the solution of potassium iodate is 
made by dissolving 20*2 grms. salt and diluting to 1 litre. 
The solution of sodium thiosulphate is made by dissolving 
137 grms. per litre, and is made to agree with the iodate 
solution if necessary. These solutions are best standardised 
against permanganate in the well-known way. 

Results . — On determining copper on a solution of copper 
sulphate containing the equivalent of 0*25 per cent copper, 
good results were obtained. 


Results on a Co f pit bit el btmduul 


Laboratory. Method Per tei t Lu 

1. Not given 0-2 16 

.*. Not given 0*21 

.v Not given u*2i 

|. Not given 0*22 2 

Electrolysis 0*22 f 

5. Vol. and elec 0*205 

6. Electrolysis 0*21 

7. Electrolysis 0*204 

8 . Not given 0*21 

9. Not given 0*206 

Not given 0*214 

10. Not given 0*21 

Duquesne grav. CuO 0*215 

Duquesne vol. KIO >t Na^CaOj std. 0*213 


Average 0*212 


Results by steel works laboratories on a copper steel 
standard as given above. 


ELECTROLYHC REFINING OF GOLD.* 

By Sir THOMAS KIRKE ROSE. 

(Concluded from p. 184). 

Gold Chloride Process . 

The solution used in the bath contains gold in the form of 
chloride and some free hydrochloric acid. Gold is dis- 
solved at the anode, under the action of a current of elec- 
tricity, and deposited in a purp state at the cathode. 
Other metals are also converted into chlorides at the anode, 
and either enter into and remain in solution or pass into 
the anode slime. 

Gold is dissolved at the anode both in the aurous and 
auric condition with the formation of hydrogen auri- 
chloride, HAuC 1 4 , and hydrogen aurochloride, HAuCfe. 
The ions of these are respectively H+ and AuC 1 4 - ; H 4 
and AnClj-. According to Wohlwill there is evidence 
that the gold chlorides AuC 1 3 and AuCl are not formed, 
and that gold does not go into solution under the action of 
the current unless the conditions are such as to favour the 
production of the ions AuC ) 4 or AuC 1 2 . It is at least 
certain that if the bath contains only AuCl$ or HAuC 1 4 , 
without free hydrochloric acid, chlorine is evolved at the 
anode and scarcely any gold is dissolved, although pre- 
cipitation proceeds normally with impoverishment of the 
bath. 

Impoverishment of the bath is also caused by the 
presence of impurities in the anodes even if no chlorine is 
evolved. Part of the current is employed in dissolving the 
impurities, and as gold alone Ib deposited at the cathodes 
the amount in solution is reduced, and it is necessary to 
add chloride of gold at stated intervals. Wohlwill ob- 
serves that with bullion containing, for example, gold 83, 
silver 15, copper 2 per cent, about 14*5 per cent of the 
alloy must be dissolved chemically {Electro-Chem, and 
Met . Ind 1904, ii., 261). In making this calculation 
allowance is made for the fact that there is a tendency for 
the electro-chemical equivalent of gold to be higher at the 
anode than at the cathode, especially in hot solutions, or, 
in other words, a tendency towards the enrichment of the 
bath. Impoverishment of the bath leads to a soft dark 
coloured gold deposit, which is not firmly adherent to the 
cathode and is difficult to wash. 

When silver is contained in the anode it is converted 
into silver chloride, which in part dissolves, in part falls to 
the bottom of the cell, and in part adheres to the anode, 
forming an insoluble coating. The result of the coating 
is that the resistance to the passage of the current in- 


* Piesideutial Address, delivered before the Institution of Mining 
and Metallurgy, March 18, 1915. 


I Electrolytic Refining of Gold. 


IQ 7 


creases, the free area of the anode is reduced, the density 
of the current becomes greater per unit area of effective 
anode surface, and chlorine is evolved unless a very small 
current is used. According to general experience, if more 
than 6 per cent of silver is present in the bullion of the 
anode the ordinary remedies (addition of more hydrochloric 
acid or heating the solution) are no longer sufficient, and 
it is necessary to brush the silver chloride from the 
anodes. 

An alternative method now adopted in the most modern 
refineries is the use of a pulsating current in the place of 
the simple direct one. This is obtained by superposing 
on the latter an alternating current of greater maximum 
voltage than the direct current (German patent 207.555, 
Sept. 22, xgo$ ; English patent 6276, rgog ; Met. and 
Chem. Eng.t Feb., igio, p. 82 ; Report of the Director of 
the U.S. Mint, xgi2, p. 4g ; igi3, p. 41). The result is 
that the direct current is alternately reinforced and re- 
versed. At the Denver Mint, for example, the E.M.F. of 
the direct current is 1*2 volts, and that of the alternating 
current a maximum of 1*8 volts. 

Under the action of the pulsating current the silver 
chloride formed by the direct current is stripped off and 
falls to the bottom of the tank. This is probably a mere 
mechanical effect due to the evolution of a small quantity 
of gas at the anode, said by the patentees to be oxygen. 
The proportion of silver in the anodes may by this device 
be increased to at least 17 per cent without scraping, and 
much rough gold can be passed at once to the gold cells 
without previous treatment in the silver nitrate solution. 

In the first month after the introduction of the pulsating 
current in the Denver Mint, in April, 1913 (Report of the 
Director of the U.S. Mint, 1913, p. 42), the number of 
silver cells was diminished by one-half, and the cost of 
operating the refinery was reduced from 3*2 cents per 
ounce of fine gold to 2*0 cents per ounce. Against this 
cost is to be set 0*34 cent per ounce, the value of the by- 
products. The anode melt of the lowest gold fineness 
contained gold 804*7, silver and the cathode was 

999*5 in gold. 

The quantitative electrolytic effect is unaffected by the 
alternating current. In other words, the total gold de- 
posited on the cathode can be found from Faraday’s law, 
on the supposition that only the direct current is passing. 

The application of Faraday’s law is, however, subject to 
an important qualification. The electro-chemical equiva- 
lent of trivalent gold corresponds to a deposition of 
2*45 grms. per ampere hour, ana that of monovalent gold 
to one of 7*35 grms. per ampere hour. In ordinary work a 
mixture of the two is deposited, and the total is often about 
2*5 grms. per ampere hour, but it varies in every bath 
with the composition of the electrolyte, with the tempera- 
ture, and with the current density. Wohlwill observes 
that “ so little evidence was found of that constancy of 
weight of deposit under the most varied conditions that 
would be expected according to Faraday’s law that it 
would be scarcely too much to say that, if Faraday had 
restricted his researches to solutions of this kind, he would 
never have arrived at a knowledge of his law/’ 

According to Wohlwill, with what he calls high current 
densities, e.g , 9 800 to 1000 amperes per 8q. m., the 
amounts dissolved and deposited approach one another 
and approximate to the 2*45 grms. per ampere hour, 
corresponding to trivalent gold, and under these con- 
ditions the amount of gold deposited in the anode sludge, 
owing to the decomposition of HAuCla in contact with 
water, reaches a minimum. 

According to my own experiments the temperatare of 
the bath has far more effect in these respects than the 
current density up to 1000 ampferes per Bq. m. ; at higher 
densities, as will be shown later, the resnlts are different. 
A hot bath causes a considerable amount of monochloride 
of gold to be formed in the bath at moderate current 
densities, and the quantity of gold or other metals dis- 
solved at the anode is greatly in excess of that deposited 
at the cathode. As an example, the following typical re- 


sults are appended, obtained with anodes containing only 
a small proportion of silver, with a bath containing '5 "per 
cent of gold and 5 per cent of free HC1. 

Tails II, 



Current 


Anode lost* 

Gold deposited at 


per sq 


per 

cathode per 


metre 

Temp. 

ampere hour 

amp&re hour. 


AmpSres. 


Grms 

Grms 

X. 

400 

I7 I 

2*65 

2*54 

2 . 

1000 

37“ 

2*54 

2*44 

3* 

IOOO 

67° 

4*26 

3*19 


The excess of gold dissolved at the anode is in great 
part reprecipitated at once by decomposition of the mono- 
chloride, although the latter is much more stable in hot 
hydrochloric acid than in cold water. In hot solutions 
the amount of gold accumulating in the anode slime at a 
current density of 1000 amperes per sq. m. is thus far 
greater than that in cold solutions. This is a point m 
favour of cold solutions which may account for their 
increasing use in place of the hot solutions employed at 
fiist. 

To give an instance from practice. At the Denver 
Mint, where a hot bath is used, the temperature being 
65°, the amount of gold found in the slime was 11*37 per 
cent of the fine gold deposited on the cathodes, with the 
pulsating current, the direct current density being 
65 amperes per sq. ft., or 700 amperes per sq. m. of 
cathode (Report of the Director of the U.S. Mint, 19x3, 
p. 42). Previously, when the direct current alone was 
used, the slime contained an amount equal to 17* 19 per 
cent of the gold deposited on the cathodes. The amount 
of gold in the slime in practice with cold baths is lower, 
but is not published. In my own work I find it to be less 
than x per cent, exclusive of the butt ends of anodes. 

The electrolysis of HAuC 1 4 results in the migration of 
H ions towards the cathode and of AuC 1 4 10ns towards 
the anode. Hydrogen is set free at the cathode and in its 
nascent state replaces gold in solutions containing 
HAuCh and H AuCla, precipitating the gold and pro- 
ducing hydrochloric acid. The cathode reactions may be 
represented thus : — 

HAuC4 + nascent + *HC1. 

H 

HAuCIa + na8cent - Au + 2HCI. 

At the anode, AnCI* being set free splits up into 
AuCI 3 (which has some effect m dissolving gold in hot 
eolations) and chlorine, which is either evolved or used in 
dissolving the gold. Similarly, AuCla set free at the anode 
splits up into AuCl and chlorine. The AuCl either com- 
bines with HC1 to form HAUCI2 or decomposes into 
metallic gold, which is precipitated, and AuC 1 3 . The 
reactions at the anodes may be expressed as follows 

x. AuC 1 4 « AuC 1 3 + Cl (nascent). 

2. AuCla * AuCl f Cl (nascent), 

3. AuC 1 3 + HC1 - HAuC1 4 . 

4. AuCl + HCi - HAuCLa. 

5. Au + 3 Cl (nascent) + HCI = HAuCl 4 . 

6. Au +- Cl (nascent) + HCI - HAuCIa* 

7. AuC 1 3 + 2Au 4- 3 HCi » 3HAUCI2. 

8. 3AUCI3 *» AuC 1 3 + 2Au. 

In the bath generally there is— 

9* 3HA> u Cla ** uAu 4 * HAuC 1 4 + stHCI. 

Equations Nos. 8 and 9 cause gold to pasB into the anode 
slime. 

The effect both of these chemical reactions and of the 
migration of the ions is to impoverish the solution in 
gold near the cathodes and to enrich it at the anodes, and 
it is accordingly necessary to stir the solntion. The 
usual method is to use a glass or hard rubber propeller in 
thet ank, making 200 or 300 revolutions per minute. This 
occupies some of the space in the tank* thus reducing 
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its capacity, and also it drives particles of silver chloride 
against the cathode, where they adhere, reducing the fine- 
ness of the gold and leading-to the adoption ot a second 
refining in other tanks at San Francisco (Durham, Eng . 
and Mtn, Jonrn ., Nov. n, 1911, p. 951). To overcome 
the difficulty a cascade system of mixing was advocated by 
R. L. Whitehead ( Rlectro-Chem . and Met . Ind., Sept., 
1908, p. 355). The method has the incidental advantage of 
keeping the solution of the same composition in all the 
cells, and it is about to be adopted in the New York Re- 
finery, the solution being raised by a hard rubber pump 
(private communication, dated Jan., 1915, from Mr. 5. P. 
Wirth, the Superintendent of the Melting and Refinery 
Dept., New York Assay Office). 

A word as to impurities. It does not appear to be usual 
to remove the base metals from low-grade bullion by a 
preliminary toughening operation, but the objections to 
this course are not obvious. It would be especially desi- 
rable to prevent any large amounts of lead, bismuth, or 
tellurium from entering the electrolytic cells, as traces of 
these metals make gold brittle. 

Recovery of Platinum,— As for the platinum metals, 
iridium and osmiridium are insoluble and remain with the 
anode slime. Platinum is insoluble if it is nearly pure, but 
if present in small quantities alloyed with gold and silver 
it passes into the solution and remains there. Palladium 
behaves similarly. 

To prevent the cathode deposit from being contami- 
nated with platinum it is necessary, according to Wohlwill, 
that the amount of platinum in the bath shall not be more 
than about 50 grins, per litre. This must refer to a hot 
bath, as I have found that in a cold bath containing only 
20 grins, per litre some platinum is deposited with the 
gold. This is not the case with hot baths of similar 
strength, as is shown by the following results of electro- 
lysing a solution containing 2 per cent of platinum and 
5 per cent of gold : — 

Table III. 



Temp. 

Amperes per 


sq. metre 
of cathode. 

J. 

20 3 

400 

2. 

20° 

, 800 

3 - 

67' 

400 

4 * 

67 ° 

800 


Platinum 
contained in 
deposited Gold. 

0 6 per igoo 
1*0 per 1000 
Nil. 

Nil. 


R. Pearson (44th Annual Report of the Mint, 1913, 
p. 182) at the Ottawa Mint found a distinct trace of plati- 
num in cathode gold in both hot and cold cells, but does 
not give the composition of the electrolyte. The current 
density which he used was apparently about 225 amperes 
per sq. m. 

The objection to the use of cold baths in the treatment 
of platiniferous gold does not apply, however, in the treat- 
ment of ordinary bullion owing to the smallness of the 
proportion of platinum which is present. In the year 
ended June 30, 19x3, for example, the United States 
Mints recovered the following amounts of platinum and 
palladium in treating over 3,000,00002s. of gold bullion 
(Report of the Director of the U.S. Mint, 19x3, p. 22). 

Sponge platinum. Sponge palladium. 
San Francisco . . 20574 oz. — 

Denver.. .. .. 58*200 z. 10-1502. 

New York . . % 1403-00 02. 18-10 02. 


1666-94 02. 28*25 02. 

D. K. Tuttle reported in 1903 (Report of the Director of 
the U.S. Mint, 1903, p. 63) that there was no platinum in 
Klondike gold nor in bullion produced by American chlorina- 
tion or cyanide mills. The platinum recovered in the 
United States Mints is derived, he says, only from dental 
and jewellers’ scrap. £. L. Entwistle finds (private com- 
munication, 1914) that about xo 02s. of platinum are 
recovered per xoo,ooo 02s. of the gold refined at Ottawa, 
which is received in about equal quantities from the Yukon 
?md Porcupine. 


The occurrence of platinum in gold from the Wit- 
watersrand is now well known (C. B. Horwood, Min. and 
Set. Press, Nov. 8, 1913, p. 724), but no details are avail- 
able as to the exact proportion present. In any future 
consideration which may be given to the refining of Rand 
gold this point must be taken into account. 


Current Density and Composition of Electrolyte . 

' There are considerable differences in the current densi- 
ties employed. Wohlwill observes (Borchers and McMillan, 
op. cit p. 366) that in normal work a current density of 
as much as xooo amperes per sq. m. of electrode could 
scarcely be usable. Nevertheless he states that with fine 
gold anodes a density of 3000 amperes per sq. m. of anode 
surface is possible, with 3 per cent, of hydrochloric acid 
in the bath, and he calculates that under these conditions 
gold anodes 4 mm. thick would be completely dissolved in 
five hours. This seems to be an exaggerated claim, but 
it is true even of less pure gold if the bath is stronger in 
acid, as is shown later. Silver in the anodes, as already 
stated, has been found to necessitate a lower current 
density. In practice in Germany a current density of 400 
to 500 amperes per sq, m. is used. In America various 
current densities of from 700 to 1000 amperes per sq. m. 
(65 to 93 amperes per sq. ft.) are employed, and anodes 
of 4 in. thickness require from 40 to 60 hours to dissolve, 
or about a week, as night work is nowhere the rule. 

A high current density is oviously desirable in order to 
expedite the work, and the density attainable depends on 
the composition of the electrolyte and that of the anodes. 

The electrolyte is conveniently considered in two parts, 
the conditions at the anode depending on the amount of 
free hydrochloric acid present, and the deposition at the 
cathodes depending on the amount of gold chloride in 
solution. In a hot bath more rapid work can be done at 
both^ anode and cathode than in a cold bath. 

Dissolution of Gold at the Anodes . — The amount of 
free hydrochloric acid recommended by Wohlwill is 3 per 
cent in a hot bath, and in America 5 or 6 per cent is now 
used in hot baths and to to 12 per cent in cold ones, but it 
would appear that still higher percentages offer certain 
advantages, as is shown in the following table, in which a 
j summary of some experiments of my own is given 


Table IV. 


Composition of 
anode. 


Current density ptr 
Free sq. m below which 
HC1 no chlorine is 
Temp present. evolved 


X. 

Pure Gold 

. 20° to go° 

Per cent, 

Nil. 

Amperes 
Less than 90 

I 

2. H 

Gold.. 

Silver 

930 

50 

20° 

xo 

Less than 800 

3- 

Copper 
Do.. . 

20 . 

20° 

12 

Less than goo 

4- 

Do.. . 

. . 

6 7 ° 

11 

Less than xooo 

5- 

Do... 

. . . 

20° 

20 

Over . . 3330 

6. • 

Gold.. 

Silver 

*no 

CO H 

Ol 

25° 

12 

less than 5000 

Less than 2065 

7- 

, Copper 
Do... 

5 , 

1 

45° 

12 

Less than 3x00 

8. 

Do.. . 
Gold.. 

780 

• 25° 

20 

Over . , 3300 

9-- 

Silver 

195 

40° 

29 

About .. 3000 

xo. 

, Copper 
Do.. , 

25 

■ ■ 1 

. 62 ° 

29 

About .. 5000 


In the table “ less than x amperes M means that the 
evolution of chlorine was just perceptible at that current 
density, but it is obvious that a little chlorine would not 
prevent the work from being done. In experiments Nos. 9 
and 10 isolated bubbles of chlorine were formed and given 
off at the anode at particular points where for the moment 
silver chloride adhered firmly. With an anode containing 
20 per cent of silver, in a bath at 62° containing 29 per 
cent of free hydrochloric acid, using a current of 5000 
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amperes per &q. m., the amount of chlorine evolved was 
small and did not perceptibly affect the progress of the 
work. The loss of efficiency of the current due to the 
evolution of chlorine was insignificant. 

With heavy currents, e.g. over 3000 amperes per sq. m. 
(250 amperes per sq. ft.), the amount of silver in the anode 
is of comparatively little effect, as the silver chloride 
flakes off readily under the action of the current. 1 see 
no reason for limiting the silver to 20 per cent. All this 
refers to work with the direct current alone. 1 have made 
no experiments with the pulsating current. 

A heavy current heats the solution, and in experiments 
Nos. g and 10 the temperatures of 40 and 62 deg. were 
not deliberately aimed at, but were the result of the 
passage of the currents named, and could not be kept 
lower, in spite of means being taken to coo) the baths. 

With currents of 3000 amperes or more a hot solution 
has no effect in increasing the amount of gold passing into 
the anode slime, thus : — 


Table V. 



Composition of 
anode. 

Temp 

Acid. 
Per cent. 

Current 
density 
per sq. m. 
Amperes. 

Percentage of 
gold pissing 
into slime. 
Per cent. 

I. 

Pure gold 

20 

5 

750 

0*8 

2. 

Do. . 
Gold.. 

930 1 

f 7 

5 

750 

30-1 

3* ' 

Silver 
[ Copper 

5° 
20 1 

20° 

12 

goo 

0*2 

4. 

Do. 

1 Gold.. 

98s ] 

67 
! * 

12 

1000 

i5’5 

5* * 

Silver 
[ Copper 

10 

5 1 

i 170 

20 

1000 

1*0 

6. 

1 

Do. 

Gold.. 

780 1 

• 45° 

20 

3300 

O' I 

7 -j 

Silver 

Copper 

195 
25 J 

■ 62 ° 

29 

5000 

o*oS 


Table V. goes to prove that as the current density is 
raised the amount of gold passing into the slime, whether 
as detached fragments of anode or as reprecipitated gold, 
diminishes, and that this effect is more powerful than that 
due to temperature. Above 3000 amperes per sq. m. , as in 
experiments Nos. 6 and 7, practically no gold passes into 
the slime, even in a hot bath. Even the minute quantity 
found there appears to consist entirely of detached frag- 
ments of anode. 

In other experiments the anodes were enclosed in cotton 
bags to separate the gold precipitated by the decomposi- 
tion of dissolved monochloride of gold from that consisting 
of detached fragments of anode or precipitated at the 
moment of dissolution. It was found that at 1000 amperes 
per sq. m. over go per cent of the slime-gold was retained 
in the bag, and that the slime-gold in the bag was of 
higher fineness than the anode gold, so that part of it 
consisted of metal which had been dissolved and repre- 
cipitated as pure gold. 

The general conclusion from these experiments is that 
with 20 to 30 percent of free hydrochloric acid in the bath a 
current density of 3000 to 5000 amp&res per sq. m. of 
anode surface can be maintained, and that the bath need 
not be heated externally. The percentage of silver, as far 
as the experiments went, appears to be of little importance 
at such densities. At 5000 amp&res per sq. m. (464 
ampbres per sq. ft.) an anode of | in. thick would be 
dissolved in about seven hours. Anodes of such a thick- 
ness are not difficult to cast, but as an alternative they 
could be cast thicker and rolled down. The increase in 
the cost of acid caused by such conditions would be infini- 
tesimal per ounce of gold. No experiments were made 
with the pulsating current, which seems to be less needed 
under such conditions. 

Deposition of Gold at Cathodes . — It is recommended 
by Wohlwiil that the proportion of gold present as chloride 
in the bath should be 2$ to 3 per cent, and strengths of 
3 to 7 per cent are in use in America. The rate of deposi- 
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tion, however, may be increased if stronger solutions are 
used. It is generally considered desirable that the cathode 
deposit should be coherent, to enable it^to be washed 
readily. At Ottawa, according to Entwistle (private com- 
munication, 1914) the deposit of gold on the cathode at 
500 amperes per sq. m. of surface is a black slime in cold 
solutions containing 5 per cent of gold, kutjs a yellow- 
coloured coherent sheet at 50° at the same current density. 
In the United States Mints a current density of 1000 
amperes m a cold solution with 7 per cent of gold appears 
to give a satisfactory deposit. A summary of the results 
of some experiments of my own »9 as follows : — 


Table VI. 


Gold in 
solution. 


Current density 

Temp. 

per sq m. 
of cathode. 

Nature of deposit. 

Per cent. 
1. 3'0 

20° 

300 

Dark, pulverulent. 

2. 7*3 

20“ 

200 

Brown coherent sheet. 

3. 8-i 

20° 

400 

Brown coherent sheet. 

4. 8'i 

20 J 

440 

Not perfectly coherent. 

5* 77 

20° 

500 

Brown, pulverulent. 

6. 7*5 

6 7 ° 

500 

Yellow, coherent. 

7- i3*5 

20° 

IX 00 

Biown, coherent. 

8- *3 5 

20 J 

2000 

Brown, pulverulent. 

9. 20*0 

25° 

rsoo 

Yellow coherent sheet. 

10. 20*0 

l° c 

2000 

Yellow coherent sheet. 

XX. 20-0 

62° 

5000 

Brownish yellow con- 
tinuous coatmg, adhe- 
rent to cathode, but soft. 




Partly disintegrates when 
removed by scraping. 


It is dear that coherent sheets of gold can be obtained 
with higher current densities when solutions stronger in 
gold are used, but that it does not seem likely that the 
high current densities indicated lor the anodes can be used 
for cathodes if bard coherent sheets are to be obtained. 
In a cold bath, with 3 per cent of gold in solution, the 
limit of coherence is already passed at 300 amperes, and 
with 8 per cent of gold, the limit lies between 400 and 440 
amperes. With 13-5 per cent the limit is above 1100, 
and with 20 per cent not less than 1500 amperes. In a hot 
bath considerably higher densities are attainable, as the 
table shows, and as experience in practice proves. 

There is another possibility to be considered. The 
pulverulent precipitates do not consist of fine slime but of 
loosely agglomerated nodules in excellent condition for 
being washed in a suitable filter. No tendency has been 
observed for rapidly deposited gold, up to the limits of 
my experiments, to be of lower fineness than slowly de 
posited gold, after similar washing. The fineness of the 
cathode deposit in experiment No. n, Table VI., was 
9977 * n g°* d and a *3 m silver. The anode contained 195 
per 1000 of silver. 

The presence of a little silver and copper in cathode 
gold does not reduce its quality or detract from its value. 
Dark coloured gold, washed and melted, is as fine and 
malleable as yellow gold similarly treated. The only diffi- 
culty is that in cold solutions the nodules of gold may fall 
to the bottom of the tank if rapidly deposited instead of 
adhering to the cathode. That difficulty c uld be met by 
enclosing the anodes in cotton bags and providing trays 
below the cathodes, but if hot solutions are used the 
difficulty does not arise. The provision of anode bags 
does not ensure that the cathodes will be pure gold. 
In an electrolyte containing 25 per cent of free hydro- 
chloric acid and 20 per cent of gold the amount of 
silver in the form of chloride kept dissolved in the 
bath is o 08 per cent. By heavy currents some silver 
appears to be electro-deposited from this solution with 
gold, making it less fine, as in experiment No. ix, 
Table VI. 

If a heavy current is suddenly turned on, there is a 
vigorous evolution of hydrogen at the cathode. To avoid 
this, it is necessary to begin gradually, increasing the 
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current by dtgretis. After about 20 min. no hydrogen can 
be detected at 5000 amperes per sq. m. 

naturally the stronger the solution, the more care must 
be exercised to avoid loss through drips and splashes. 
1 here L alto the loss of interest on the value of the solution 
to be considered. There should be no difficulty in arriving 
at the most economical point if the problem were fairly 
faced at one of the refineries. 

There is a further point about the cathodes. In practice, 
they have always consisted of sheets of pure gold, which 
are melted with the deposit. The result is that at Ottawa, 
out of 4000 oz. of cathodes, 600 oz. are rolled out for the 
manufacture of new cathodes, and although at San Fran- 
cisco the proportion is considerably less, the work of 
rolling large plates down to o*oi or 0'0X2 in. thick is 
necessarily arduous. This can be avoided by covering the 
plates with a protective coating such as a mixture of 
graphite and beeswax, or for temperatures above 6o c , 
graphite and Chinese wax. If this is done the most 
strongly coherent deposit is readily split off and there is 
no need to use gold for the permanent cathode. 

I have found copper to be useless for cathodes, but 
silver plates answer very well and can be used of any desired 
thickness with a saving of interest on the value locked-up 
(silver cathodes have already been suggested by R. L. 
Whitehead, Electro-Chem. and Met. Ind ., Oct., 1908, p.410, 
but have not been used). Most of the experiments 
mentioned in this address were made with protected silver 
cathodes. The evolution of hydrogen mentioned above is 
more perceptible with cathodes of silver than those of 
gold, but the efficiency of the current is still high at 5000 
amperes, the deposit of gold being at the rate of 239 grm. 
per ampere hour, corresponding to an efficiency of about 
98 per cent. The melted deposit tends to be of slightly 
lower fineness owing to impurities in the graphite if thin 
sheets of gold are deposited and split off, but the difference 
is slight (say 998 against 999) and is not perceptible in 
thick deposited sheets (from which the graphite has been 
scraped off), or in loosely adherent granules. In all cases 
the gold is perfectly malleable. 

The possibility of using cathodes larger than the anodes 
is also one to be considered. 

In any conclusions drawn from the summary of the 
various experiments given above, no dogmatic statements 
can be made, especially as the usual discussion on them 
cannot take place. My experiments were on a small, if in 
some respects an adequate, scale, with only a few ounces 
of gold in work. The summary may be taken as suggest- 
ing indications of lines along which it seems possible to 
make an advance. 

Relative Advantages of the Existing Methods of Refining . 

Little that is definite can be said on this subject. Ulti- 
mately everything depends on the relative cost, and it is 
to be recollected that refining is necessarily competitive 
and consequently that details as to the methods used in 
Europe and also the costs are not published. The advan- 
tages of the existing methods are sufficiently nearly 
balanced at present for the preference shown to one or 
other of them to depend largely on local conditions. 
Chlorine gas remains the predominant agent in Australia, 
electrolysis in America, and sulphuric acid in Europe. 

The electrolytic method avoids acid fumes, and yields a 
pureproductfreefrom elements which cause brittleness. The 
refined gold is invariably tough and is well fitted for use in 
coinage or for the manufacture of wares. Gold from the 
chlorine process is of equal quality although a little lower 
in fineness, containing about 995 per xooo of gold. Gold 
from the sulphuric acid process sometimes contains lead 
and probably tellurium and less reliance can be placed on 
its quality and fitness for use in coinage. Nevertheless, 
with care any difficulty from th : s source can be overcome, 
as has been proved by the experience in London. It may 
be recalled that the elements which interfere with the 
quality of gold in working are lead, bismuth, selenium, 
and tellurium, and, to a less extent, thallium, arsenic, and 


antimony (Thirty-third Annual Report of the Mint , igo2, 
p. 73). Other elements, such as zinc, must be present in 
considerable proportion before any effect is caused. Silver 
and copper are harmle*>L. 

The woiking costs now amount to 4 cents or 3 cents 
per oz. of gold for the electrolytic process in the United 
States, as against 6 cents or 8 cents for the sulphuric acid 
process in the same establishments in the years igoo to 
ign, after allowing for the sale of the copper or blue- 
stone (Annual Reports of the Director of the U.S . Mint). 
Moreover, the value of the platinum and palladium 
recovered in the electroly tic process is considerable (say, 
o*5 cent per oz. of gold), whilst in the «.ulphuric acid 
process these metals are not recovered. Therefore, the 
statement made by Durham (Trans. A.I.M.R 1911, xlii., 
S74) and quoted by Gowland (“ Non-Ferrous Metals,” 
p, 290) that the electrolytic process is “ more expensive 11 
does not seem to be borne out by the Annual Reports of 
the Director of the United States Mints, if loss of interest 
is excluded. 

On th? other hand, in the sulphuric acid and chlorine 
gas processes, the gold is quickly brought to account and 
the difficulties of daily stocktaking are much less than in 
the electrolytic process. This is a serious point, as super- 
vision must be very strict if it is impossible to weigh the 
gold in the refinery at the end of the day before the 
workmen leave. 

Other disadvantages of the electrolytic process are 
given by Durham as “more care and intelligence required” 
and " losses liable to be greater. 1 ’ The actual losses are 
unknown as they are almost invariably more than covered 
by differences in assay, so that the refineries usually show 
a gain. This is a common feature of refineries, and one 
which excites the occasional wonder of gold miners. As 
for the “ care and intelligence, 11 this is a remark calculated 
to gratify those engaged in electrolytic refining, but may 
appear to the sulphuric acid refiners to be uncalled for. 
Some prudence is also required in dealing with boiling 
sulphuric acid. 

The chief defect of the electrolytic process is the great 
length of the time of treatment as compared with the 
other processes, so that if the loss of interest on the gold 
is taken into account, a grave disadvantage is disclosed. 
Mr. B. P. Wirth, the Superintendent of the Melting and 
Refining Department of the New York Assay Office, writes 
to me in January, 1915, as follows:— 

" The length of time necessary for the treatment of low 
grade gold in our refinery is from ten to twelve days. This 
includes alloying and melting into anodes, electrolysis in 
the silver cells, washing anode residue, re-melting into 
anodes for gold room, electrolysis in the gold cells, and 
washing and re melting the fine gold.” (Pulsating current 
used;. 

Dr. James Bonar (Forty fourth Annual Report or the 
Minty 1913, p. 177) observes that at Ottawa:— 

“ The average time needed, without night work, for the 
passing of rough gold through the silver cells and the gold 
cells till it is refined and ready for coinage is a little over 
three weeks, the greater part of the time being needed for 
the silver cells.” (Direct current used). 

According to Pearson (private communication, February, 
1915)* the work in the silver cells alone requires sixteen 
days at Ottawa. 

Taking the total time of treatment from the importation 
of the gold into the refinery to its exportation, at a fort- 
night, and the gold locked up in the solutions, cathodes, 
connections, anode mud, &c., as 50 per cent, of the gold 
undergoing treatment, the interest charge at 5 per cent, 
would be about 6 cents per oz. of fine gold. It is obvious 
from such figures that if the gold undergoing treatment is 
losing interest, the work should be carried on for as many 
hours a day as possible with thin anodes and a high current 
density. 

The use of silver strips and hangers instead of gold for 
the electrical connections and also of silver cathodes would 
reduce the amount of gold locked-up permanently, and 
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the average time of treatment has been reduced by the 
introduction of the pulsating current, which enables the 
treatment in the silver cells to be omitted in many cases. 
Nevertheless, there is still something to be desired in 
respect of the reduction of the loss of interest. 

If the use oi strong solutions of gold and hydrochloric 
acid with heavy currents as described above is found to be 
practicable, the electrolytic refiners could no longer be 
reproached for slowness. There seems some reason to 
hope that the anodes could be dissolved and the deposited 
gold washed and brought to account within the limits of 
a working day, and the difficulties of supervision thereby 
diminished. 

At Ottawa the time of treatment is to be shortened and 
the silver cells dispensed with by means of a preliminary 
treatment with chlorine gas (Bonar, loe. cit.). In this 
way it is proposed to refine the gold up to 97 or 98 per 
cent and to finish by electrolysis. The chlorine plant has 
been installed, but foil information with regard to its 
working is not yet available, In some trial runs., the gold 
was raised to 995 fine by chlorine and subsequently to 
999*3 by electrolysis (Pearson, private communication, 
February, 19x5). It remains to be seen whether the intro- 
duction of the chlorine process into the North American 
Continent will result in the total displacement of electro- 
lytic refining there or in the confirmation of its presence. 
Up to now the chlorine process has not taken root any- 
where outside Australia. 

It is to be remembered that the electrolytic process was 
introduced to treat platiniferous gold and that in Germany 
it has always been doubted whether it can compete with 
sulphuric acid for any other purpose. This view falls to 
the ground if, for example, such material as Rand gold is 
classified as platiniferous. The matter is still undecided. 
It cannot yet be said which of the processes is destined to 
disappear before the competition of the others in the treat 
ment of ordinary rough gold. Nevertheless I have been 
led to form the opinion, as the result of my study of the 
electrolytic process, that it will continue to be found 
useful. 

The reluctance of a Government Department to accept 
new ideas caused the genius of Charles Watt to be wasted. 
Some respect has now been paid to his memory. Perhaps 
the highest form of recognition, that of the adoption of 
his proposals, will ultimately be accorded to him in his 
own country, as in other lands. 


ALCOHOL IN COMMERCE. 

Russia offers large Prizes for New Inventions. 

Many people have been filled with wonder at Russia, a 
country in which an industry can be abolished at one 
word. The policy of the Russian Government, however, 
is not to abolish the alcohol industry but to direct it into 
usdful channels. This is proved by a proclamation issued 
by the Ministry of Finance, details of ^hi^h have just 
reached this country. 

This proclamation should be of the highest interest to 
English chemists. It announces an international com- 
petition, in which many large prizes will be awarded, for 
the invention of a new denaturation process or the perfec- 
tion of already existing processes to render impossible the 
use of alcohol as a drink, and for inventions to further the 
use of alcohol from a commercial point of view. 

In the hope that the problems may be tackled to the 
advantage of English chemists we give below a translation 
of the main conditions of the competition. 

Denaturation of Alcohol, 

Three prizes of 30,000, 15,000, and 5000 roubles each 
will be awarded for the invention of denaturing substances 
fulfilling the following conditions : — 

x. The substances must render alcohol totally unfit for 
use as a drink, by giving it a nauseous taste or by making 


it repulsive to the organism by causing sickness n 
diairhcta. 

2. The substances must not emit an obnoxious smell 
which might render the u^e of alcohol unfit for com- 
mercial use. 

3. The substances must not leave a residue after burning 
or contain anything harmful to apparatus m which the 
alcohol might be used. 

4. It must be impossible to separate the denaturiser 
from the alcohol by any means whatevei. 

5. The raw material for the preparation of the 
denaturisers must be obtainable m sufficient quantities in 
Russia. 

The specifications should be made out in French or 
Russian, and reach the Direction Generate des contributions 
indirectes et de la Regie de r Alcohol, Petrograd, before 
January 1, 1916. 

The specifications should indicate the composition of 
the denaturiser, as well as the quantity required for each 
“vedro" (12*3 litres) of alcohol. These specifications, 
together with samples (not less than x kgrm. each) of 
denaturisers, must be forwarded in a parcel bearing an 
identification mark. In a separate envelope bearing the 
same mark the name and address of competitor should be 
enclosed. 

The judges may award the three prizes to the same 
competitor if his invention is of special merit. 

The Government reserves to itself the right to use the 
denaturisers in respect of which prizes have been awarded 
without further indemnity. 

Inventions for New Uses of Alcohol, 

1. Three prizes of each 6o,ooo, 30,000, and 10,000 
roubles, for the invention of a new process for the use of 
alcohol in the manufacture of a produce which shall be, in 
nature, completely different to the alcohol used for its 
manufacture. For examples, ether, chloroform, &c., may 
be mentioned. 

2. Three prizes, 50,000, 20,000, and 5000 roubles, for 
the invention of a new process for the use of alcohol in the 
preparation of a produce in which alcohol or its derivatives 
constitute one of the component parts of the said produce. 
It must be impossible to recover the alcohol from the pro- 
duce in question. As examples, one may mention 
pharmaceutical preparations and scents. 

3. Three prizes of 30,000, 15,000, and 5000 roubles for 
the invention of a new process to utilise alcohol in an 
industry in which alcohol or its derivatives would serve as 
intermediate and provisional dissolvent or as agent for 
precipitation. As an example, one may mention the pro- 
duction of smokeless powder and the manufacture of 
artificial silk. 

The specifications should be sent as mentioned pre- 
viously, and should include full description of the methods 
of usage as well as cost. The cost must be based on a 
price of 2 copeks per degree of alcohol (123 cc. of pure 
alcohol at a temperature of 15J 0 C.). 

Any samples sent must not be less than z kgrm., and 
should any material used not be obtainable in Russia at 
least 5 kgrms. must be sent in order to allow of trials being 
made. 

The inventors shall reserve to themselves the right of 
exploitation, and letter patents shall be issued for the 
protection of their inventions. 


Ro; al Institution. — A General Meeting of the Members 
of the Royal Institution was held on the 12th inst., Sir 
James Crichton-Browne, Treasurer and Vice-President, in 
the Chair. Sir James George Frazer, Lady Frazer, and 
Mr. William Frederick Higgins were elected Members. 
The Honorary Secretary announced the decease of Prof. 
E. H. Araagat, Hon. F.R S., and Geh. Regierunge-Rath 
Prof. Otto N. Witt, Ph.D., F.C.S., Honorary Members of 
the Royal Institution, and Resolutions of Condolence with 
the relatives were passed. 
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PROCEEDINGS OF SOCIETIES 

INSTITUTION OF CHEMICAL TECHNOLOGISTS' 
(London Section). 

Colonel Charles E. Cassal, V.D., President of the 
Institution, in toe Chair. 

The Future of British Chemical Industry. 

A Special Meeting of the London Section of the Institu- 
tion was held on Thursday, March n, 1915, at the 
Institution of Mechanical Engineers, Storey's Gate, St. 
James’s Park, when the subject for discussion was “ The 
Future of British Chemical Industry The Discussion 
was opened by the President. 

The President— Gentlemen, this is a meeting of the 
London Section of the Institution of Chemical Techno- 
logists. The Council of the Institution decided that m 
view of the importance of the subject to be discussed it 
was desirable to invite some gentlemen who are interested 
in that subject to attend the meeting. It is not a meeting 
of the Institution itself, but merely of the London Section 
called to discuss this question in the first instance, and 
with the view of preparing the way for a series of meetings 
in the future. The subject is so vast that it is quite 
impossible to discuss it m all its bearings at a single 
meeting of a section of this Institution, and the Council 
have felt that several meetings will probably be necessary 
before definite resolutions can be put forward, and before 
anything in the nature of final decisions can be arrived at. 
We have invited certain distinguished gentlemen to be 
present on this occasion, and we have received letters of a 
very encouraging nature from some of them who, unfor- 
tunately, have been prevented from attending; among 
them Mr. Bonar Law, Mr. Austen Chamberlain, the Earl 
of Denbigh, Lord Charles Berestord, and Captain Bathurst, 
M.P., who are all keenly interested in the objectB of the 
Institution and in this meeting. 

Before I proceed to open the discussion on the subject 
before the meeting I think it will be desirable that 1 should 
explain the position of the Institution of Chemical 
Technologists in regard to the matters which are to be* 
discussed, and the reasons which have led the Council of 
the Institution to call this meeting together. 

The Institution of Chemical Technologists, was founded 
for the following purposes, among others: — 

To advance the study and practice of technical chemis- 
try, and to obtain for it the support and encouragement 
which from its importance to industry it dtserves. 

To effect the co-operation of professional chemists in all 
matters which may directly or indirectly promote the 
interests of their profession and its members. 

To set up a high standard of professional conduct and 
responsibility. 

To secure for technical chemists the effective expression 
of their due influence in all technical developments of 
chemistry both scientific and industrial. 

To keep professional chemists in this country and in the 
Dominions in touch with each other for the discussion and 
treatment of all subjects of professional interest by means 
of District and Colonial Sections of the Institution, and 
through the medium of a journal and other literature 
devoted to the professional as well as to the scientific 
aspects of chemistry. 

The part played by chemistry in the different depart- 
ments of the public service and in relation to British 
industries is of such paramount national importance, and 
the responsibility attaching to the work of the scientific 
chemist is so heavy and extensive that, in the public 
interest, it has become a requirement of the utmost 
urgency to weld the various branches of the chemical pro- 
fession together into a coherent whole. In order that the 
Nation may get the best value from the services rendered 
by them it is absolutely essential that all scientific chemists 
engaged in technical work should be linked together in 
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one professional body having a comprehensive member - 
ship and a definite policy, while the future of the pro- 
fession and the maintenance of its position among the 
recognised professions depend entirely upon the co- 
operation of those who belong to it to advance its interests 
and to uphold its status — not merely for their own 
advantage but for the benefit of the country. The founda- 
tion of the Institution has met a public requirement of the 
highest importance in that one of its mam objects is the 
unification and consolidation of the many different branches 
of the chemical profession, and it will be seen that the 
Inbtitution ib more comprehenbive in its aims than all or 
any of the other chemical societies and institutions. Such 
good work as has been done and is being done by the 
older bodies referred to will be amplified and extended by 
the work of tbe Institution, which will endeavour to co- 
operate as far as possible with those bodies in the develop- 
ment of the work that they are doing. A consideration of 
the functions fulfilled by the four other chief chemical 
institutions in this country will show at once that those 
bodies do not and cannot aim at the objects which the 
Institution of Chemical Technologists is endeavouring to 
attain, and that their workm no way clashes with that of 
the Institution. The Chemical Society of London — the 
oldest of the bodies in question— is concerned practically 
entirely with theoretical chemistry — work undoubtedly 
of the greatest importance, but the prosecution of which 
precludes the possibility of paying adequate attention to 
applied and technical chemistry, or of affording encourage- 
ment and support to these branches of science. Tbe 
Institute of Chemistry of Great Britain and Ireland is 
mainly, if not practically entirely, an examining body, tbe 
diplomas of the Institute being ordinarily granted only to 
those who have gone through certain specified courses of 
study and training, and who have passed the examinations 
conducted by the Institute. Owing to the imposition of 
several somewhat narrow restrictions which are distinctly 
out of date, the membership of the Institute is necessarily 
open only to a comparatively small number of tbe many 
hundreds of professional chemists actually engaged in the 
various branches of chemical practice. The “ Society of 
Public Analysts and other Analytical Chemists ” is 
practically confined to persons who are directly or in- 
directly concerned with analytical chemistry, and the 
activities of the society are restricted to the reading of 
papers on analytical subjects and the publication ot an 
analytical journal — the Analyst. The Society of Chemical 
Industry is mainly concerned with chemical manufacture 
from the present unfortunately restricted point of view of 
the ordinary British manufacturer. By the publication of 
its journal and in other ways, this society has certainly 
done excellent work. Unfortunately, however, the mem- 
bership is not confined to professional chemists, and, still 
more unfortunately, is not confined to British subjects— a 
circumstance which, in the opinion of those qualified to 
judge— has been, and is, not only highly dangerous, but 
probably extremely injurious to the interests of British 
chemical industry, and, in consequence to the country. It 
must be borne in mind that there are a great many pro- 
fessional chemists actively engaged in moit important 
work in connection with our chemical industries who do 
not belong to any of the bodies referred to, and it is the 
business ot the Institution of Chemical Technologists to 
collect these isolated and unquestionably valuable elements 
and to place them in their proper places in an organised 
body. The chemical profession stands alone among the 
professions in that it is utterly without organisation, and 
in that it is split uo into a number of different camps. The 
fellowship and the power of united action which must be 
created in this profession as it was created in the pro- 
fessions of medicine and law, and in others, to the 
advantage of those professions as well as to the advantage 
of the public, that fellowship and power of united action 
which should result from a common training, and from the 
recognition of a common end to be attained, can only be 
brought about by the activity of a broadly-based institution 





ree from the trammels which hamper the operations of 
older bodies constituted when the needs of to-day did not 
exist. If industrial success is to be secured, and if it is to 
be made permanent, adequate inducements must be offered 
to men of capacity and ability to adopt applied chemistry 
as a profession. One of the first steps necessary is the 
establishment of professional unity and the power to 
ensure the effective recognition of the profession upon 
which our industrial success m the future entirely depends 

At the present time there is no relationship, nor is there 
any sympathy between the college laboratory and the 
technical laboratory, and it is essential that intimate 
relations between the two should be brought into existence 
The arbitrary and false distinction, which if not actually 
expressed m words exists in fact, between so called “ pure ” 
chemistry and applied chemistry, to the undue exaltation of 
the former at the expense of the latter, mu&t ot abolished 
Applied science is no whit inferior to that vhich is called 
“pure * science, and the followers of each sr»jula be suffi 
ciently intelligent and broad minded to recognise the value 
of each other s work, and to remember that both are 
members of a great profession Tne “pure” chemist, he 
who has the responsibility of teaching the future me nbus 
of his profession m the colleges, must oe brought to 
recognise the unity oi pure and applied chtmism and 
that the one is in no way inferior as an intellectual pui^uit 
to the other At present no such unity is recognised 
The colleges are the breeding grounds tor the scientific 
industrial advisers of the future, but the breeding ground 
is not enough, and the production of the skilled and sound 
scientific adviser from the college trained man can only be 
secured by his absorption of the knowledge and experience 
alone obtainable by actual and active practice m the pro- 
fessional or technical laboratory, and, when industrial 
processes are concerned m the works themselves. This, a 
matter of vital importance, is very far from being generally 
recognised, it is on the unity and efficiency of the 
chemical profession that the luture success of British 
chemical industry must, in the first instance, necessai ly 
depend, and m this connection it is safe to say that the 
synthetic production of dyes and drugs and the manufac 
ture of so-called “finechemicaK ’ would ne\erha\e passed 
from our hands into those of the most despicable nation on 
earth if intelligent and effective relations between the 
college and the works had been initiated and fostered , if in 
past years our more brilliant students had been encouraged 
by their College teachers to devote themselves to I echmcal 
Chemistiy, and if our manufacturers had been shaken 
out of their ignorance and apathy, taught to appreciate 
the value of scientific research, and led to recognise the 
absolute necessity of highly skilled advice for the main 
tenance and prosperity of their concerns Had these 
conditions obtained and had the legislature through the 
influence of a united profession been forced to apprec ate 
the value of Science, so long and so shamefully neglected 
by the State m its ignorance and ineptitude, the industries 
now practically entirely in foreign hands would have been 
m ours, to the benefit of the manufacturers, of other 
industries, and of many thousands of workers* Wrapped 
m slumber, or wasting their time m futile political bicker 
mgs and quarrels of the “ parish pump ” order, the British 
people for years past have been oblivious to the problems 
which really bear on their own vital interests and have 
allowed themselves to be robbed of the fruits which should 
have been theirs. 

Wmle the sms of omission and commission, past ard 
present, which have been committed by all eoncerned m 
varying degrees — by our Legislature, our Governments, our 
manufacturers, and by the members of the chemical pro 
fession themselves — must make the angels weep, those of 
us who know must leave the weeping to the angels and 
face the future with the determination to work for the 
fundamental alteration of existing conditions and the in- 
auguration of a new era. ” Wake up, England * * the 
warning cry of our present King, amply justified as it was 
at the time that it was uttered, is more than ever justified 


to day. There has been a rnde awakening indeed, but 
the sleep has not yet gone completely from tfte eyes oi our 
people, and the hour has come to make the awakening 
morough I ask this meeting to ponder on the causes 
which have brought about the loss of our former leading 
position m chemical industry, and to consider the mam 
directions m which immediate reform is needed 
(To be continued) 


ALCHEMICAL SOCIETY 
Alchemy and tkalltctsm. 

The nineteenth General Meeting of the Alchemical 
Society was held at 7 30 p.m. on Friday, April 9, at 
1, Piccadilly Place, Piccadilly, W I he chair was occu- 
pied by Mr Arthur Edward Waite ana a paper entitled 
“ ?he Phulltc aliment tn - achemioai uoctrtne ” was read 
by the Acting President (Mr. H. Stanlev Redgrovb, 
B Sc Lond , F C* S., author of “ Alchemy . Ancient and 
Modern,” Ac.). I he lecturer commenced his most n- 
terestmg discourse by bringing forward further evidence m 
support 01 his theory that the doctrines of the mediaeval 
aicnemists originated m an attempt to apply ty means of 
analogy the accepted religious dogmas concerning the soul 
and its destiny to chemical and physical phenomena A 
further source of d prion reasoning was, the lecturer said, 
to be found tn the rudimentary pnysiology of the period. 
It was natural for primitive man to attempt to explain the 
universe anthropomorpbicaliy, and this led to his attribut- 
ing sex not only to the world as a whole but to inanimate 
objects. This gave rise to phailicism, or the worship of 
sex, and so far as the alchemists were concerned, what 
the lecturer called M the phallic element m alchemical doc- 
trine ” manifested itself in a belief that the metals propa 
gated themselves sexually by means of seed, and in many 
other curious views wmch he discussed in detail He gave 
1 e\ idence lor believing, however, that the alchemists 
debt to theology was a greater and more fundamental one 
I than that to phailicism, important though this fatter debt 
' undoubtedly was. 

In conclusion, Mr. Redgrove briefly dealt with the 
significance oi sex for alchemy understood as a mystical 
process carried out on man himself, m which sense, as he 
pointed out, it appears to have been understood by a few 
transcendental alchemists of the sixteenth and seventeenth 
centuries. 

The lecture was followed by an animated discussion. 
The full text will be published m the April issue of the 
Society s journal. 


NOTICES OF BOOKS. 


Soil Condition and Plant Growth. By Edward J 
Russell, D Sc. (Lond.) New Edition. London, 
New York, Bombay, Calcutta, and Madras Longmans 
Green, and Co. 1914. 

In the third edition of this book, which belongs to the 
series of monographs on biochemistry edited by Drs 
Plimmer and Hopkms, a new chapter has been added on 
the relation between the micro-organic population of the 
soil and the growth of plants, m which a comprehensive 
account is given of the organisms which act directly or 
indirectly on the plant, and the nature oi their action. 
Other new sections have been added, and the latest results 
ot investigations incorporated m the text. The author 
always gives a very fair view of the theories advocated by 
the workers of all schools The interpretation of soil 
analysis is well treated, and an appendix contains brief 
descriptions of the most generally adopted methods of 
analysing soils. 
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THE RELATION OF SCIENCE TO THE STATE. 

At no period in the history of the world has the need for 
the complete readjustment of men's ideas been so over- 
whelmingly insistent as at the present moment, when the 
whole of civilisation appears to have been put into the 
melting pot, and no one knows what may emerge thence. 
New problems and new theories are being forced upon us 
from all sides, and thinking men realise that oar first task 
is the stupendous one of overcoming the inertia of inherent 
conservatism and opposition to radical changes in valua- 
tions and habits of thought. It is of the utmost import- 
ance that we should endeavour to begin betimes our 
readjustment of ideas and practice, and no subject needs 
more careful consideration and clear thinking than the 
relation between science and the State. Men's minds are 
full of modernities, problems of new methods of warfare, 
new kinds of equipment, and toe utilisation of new 
resources, and perhaps they have never before, consciously 
or unconsciously, been so open to receive new ideas. 
Many necessary experiments and changes have been made, 
without, as far as one can see, any of the dire conse- 
quences frequently foretold by prophets of evil, and there 
is hope that others more drastic and far-reaching may be 
attempted, and reforms which have long been urgently 
needed may at last be effected. Scientific men would be 
lacking in a sense of duty and responsibility if they did 
not seize the opportunity of calling attention to the 
supreme importance to the nation of the cultivation of the 
scientific habit of mind and of the right attitude towards 
scientific work of all kinds. As a nation we have un- 
doubtedly made grievous mistakes in the past, but signs 
are not wanting that we are becoming more ready to 
benefit by experience and to learn from our mistakes. Not 
the least of our national errors has been our neglect of 
science, we might almost say our disparagement of 
scientific achievements and our lack of foresight in 
fostering the spirit of research. It is to be hoped that we 
shall at last learn onr lesson and profit not only by our 
own mistakes but also by those of our friends and enemies 
alike. 

The duty of science to the State is two-fold. Science 
ought to be ready to give her services freely, and this duty 
has never been shirked. The Royal Society, for example, 
has willingly put at the disposal of the Government the 
knowledge and advice of experts in all branches, without 
remuneration or reward. Scientific men cannot be said to 
have neglected their duties in this respect, nor to have 
shown any reluctance to give of their best to the nation. 
The general public, while perhaps not realising the magni- 
tude of their debt to science, have been eager to take 
advantage of the applications of scientific knowledge, and 
while the practical outcomes of such knowledge aie fully 
appreciated and extolled, the value of the spade work 
which has been done, and which must continue to 
be done, by men who may perhaps remain almost 
unknown to the world at large is quite unrecog- 
nised. It needs some knowledge and a good deal of 
imagination to realise the importance of research work 
when its immediate applications are not apparent, and the 
second duty of scientific men is undoubtedly to educate 
public opinion on the subject — a duty which is by no means 
generally appreciated. The classically- trained statesman 
of to-day, who would, for example, probably be able to 
state clearly some of his views on the debt the world owes 
to Shakespeare, but on the other hand would in all pro- 
bability be quite unashamed to admit that his knowledge 
of the achievements of Faraday was almost non-existent, 


accepts as a right the gifts that science has bestowed 
freely upon civilisation, while at the same time slightly 
despising the rank and file at any rate of the workers who 
have prepared the way for discoveries and inventions. 
The general public follows the lead given to them, grudges 
money to be spent on the endowment of science, and 
acquiesces in its starvation for want of funds. This is 
more particularly the case in reference to the allocation of 
money to or the encouragement of research in pure science. 
Half-hearted attempts have been made to foster the spirit 
of research, as, for example, the granting of the lower 
University degrees chiefly for original work. This is, 
however, certainly beginning at the wrong end, and cannot 
be viewed as an altogether satisfactory experiment. 
Research founded on incomplete knowledge is worse than 
useless, and the setting of very young and only partially 
trained men upon original investigation is justified only 
in exceptional cases. On the other hand, what would 
appear to be a wiser scheme would be the provision of a 
liberal scientific education, begun at the school and con- 
tinued by specialisation in the excellent laboratories and 
under the teachers who are doing valuable work at our 
Universities. On the completion of his University career 
the student should be given the opportunity, either on the 
recommendation of hts teachers, or by competitive or 
other examination, of obtaining employment as a re- 
searcher at properly equipped research institutes. It is at 
present by no means easy for a science gradnate to obtain 
remunerative work, other than teaching, immediately upon 
leaving college, and it is recognised that the teaching 
profession absorbs a good many men whose energies would 
be more profitable it they were engaged in some other 
pursuit. While it is undoubtedly true that the good 
teacher must possess something of the spirit of the re- 
searcher the converse does not always hold good— it is 
only necessary to call to mind the spirit of self-assertion 
and the power of insight into character which are indis- 
pensable in the teacher. The opportunity of adopting 
another career in which the prospects of advancement were 
good and the remuneration commensurate with that 
obtained by teaching would be eagerly welcomed by many 
students. The research institutes could be directed by 
men of eminence in their own branches, who, freed from 
the need of performing professorial duties, could give up 
their time to research and to advising the junior members 
of the staff. As a branch of the Civil Service the research 
institutes would be doing work of inestimable value to the 
nation, and would provide a source of thoroughly well- 
trained men who bad proved themselves to have the 
ability of the special kind needful for successful research 
work. There would no longer be any need for trying to 
induce Germans to come to England to direct English 
scientific enterprises, nor any excuse for the employment 
in our works' laboratories of German chemists or 
managers. 

In return for its services to the State science has a right 
to look for more recognition on the part of the Govern- 
ment, greater scope for its activities, and more prospects 
of obtaining good remuneration, so that the scientific man 
may be able to pursue his work free from anxiety about 
ways and means for himself and his dependents. 

The lessons the nation has to learn in this time of 
discipline and stress are many and of vast importance. 
We cannot but plead guilty to the charge of an inordinate 
love of money which has led us into extravagances of 
luxury and indirectly has exaggerated our spirit of 
utilitarianism. It has always been exceedingly difficult to 
interest the public in any scientific work the practical 
application and utility of which are not apparent. The 
British are by no means inferior to Continental nations in 
originality of mind and intellectual initiative, but tbe 
desire for immediate practical returns has led to the neglect 
of work which in itself and at first sight has appeared to be 
incapable of useful application. Insight and faith have 
been lacking, and we have not learnt by experience, as we 
should, that abstract research, undertaken without any 
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definite practical aim in view, is an absolutely necessary 
preliminary to all scientific discoveries. Although it is 
perhaps not difficult to criticise the quality of 6ome of the 
German research work in chemistry for example, we must 
admit that the quality produced is enormously greater than 
that emanating from British Universities. The German 
scientific societies publish a much greater amount of 
original work than the British societies, and although 
some of it may appear to be unimaginative and inferior m 
value, the quantity of it is a measure of the distribution 
throughout the nation of the research spirit. The results 
of the German methods of scientific education have 
certainly been the production of men of resource, who are 
able to act promptly and on their own initiative in 
emergency, such as we appear to lack at the present crisis. 
In the future we shall perhaps prove more ready to learn 
from our neighbours, rejecting as well as accepting their 
ideas, and observing their mistakes as well as their 
successes, and although the correction of national faults is 
necessarily a slow process, it is perhaps not too much to 
hope that now England will really begin to wake up and 
no longer be content to be outclassed in the future as she 
has been in the past, owing to the mistaken policy and 
supinenes8 of her statesmen and educationalists and to the 
insularity of her people. 


A NEW METHOD FOR THE ANALYSIS OF THE 
COPPER AND TIN GROUPS. 

By ROBERT GILMOUR. 

The qualitative separation of the metals of the copper 
and tin groups has always been a matter of some diffi- 
culty, and no method of effecting the separation has been 
devised which can claim to be entirely satisfactory. 

The usual method of procedure is to separate the copper 
and tin groups by means of yellow ammonium sulphide, 
but this reagent often fails to dissolve stannous sulphide 
completely, and has other well known disadvantages 
which would quickly lead to its abandonment if a satis- 
factory method of analysis could be devised which did not 
involve its use. 

Until recently the only method involving the use of the 
caustic alkalis was that due to J. Walker (jfourn. Chem . 
See., 1903, Ixxxiii., 184), who employed sodium hydroxide 
with the addition of a little yellow ammonium sulphide, 
to oxidise any stannous tin present. Sodium peroxide 
was then added to reprecipitate any mercuric sulphide 
which had been dissolved. This method, however, is 
occasionally troublesome owing to the fact that insoluble 
sodium pyroantimoniate is formed. A modification of 
the method is sometimes used in which the addition of 
sodium peroxide is omitted, but in this case, quite apart 
from the mercuric sulphide which is dissolved, consider- 
able quantities of stannous sulphide may escape solution, 
and furthermore, as Curtman and Marcus have shown 
( yourn . Am. Ckm. Soc 1914, xxxvi., 1093), arsenious 
and antimonious sulphides, when heated with sodium 
hydroxide in the presence of stannous sulphide, are par- 
tially reduced to the metallic state. 

In the paper by Curtman and Marcus, which is quoted 
above, a method of separation is proposed in which 
sulphur dioxide is made use of to oxidise any stannous tin 
to stannic before the precipitation of the copper and tin 
groups with sulphuretted hydrogen. This method necessi- 
tates the removal of the alkaline earth metals as sulphates 
before treatment with sulphur dioxide, and to some extent 
renders the course of the analysis unnecessarily complex 
for ordinary purposes. 

In the case of the copper group itself the use of nitric 
acid to separate mercuric sulphide has certain disadvan- 
tages, and the separation of lead and bismuth is frequently 
troublesome. Lead if present in only small quantities is 
easily overlooked if precipitated as sulphate, and unless 


special precautions are taken it is difficult to remove com- 
pletely, with the result that complications may arise when 
testing for bismuth. 

The method of separation about to be described appears 
to avoid most of the usual difficulties, and the fact that no 
use is made of reagents like sulphur dioxide or ammo- 
nium sulphide seems to make it a method worthy of 
general use. 

Briefly the procedure is as follows The metals of 
Group II. are precipitated as usual with H 2 S. The sul- 
phides are treated with boiling 5/N HC 1 , which decom- 
poses them all with the exception of HgS, CuS, and 
As 2 S 3 . The arsenious sulphide is then separated by ex- 
tracting the residue with NaOH. The filtrate containing 
the remaining metals of the group is boiled to remove 
H a S, 15 to 20 cc. of H 2 0 2 is added, and the mixture 
evaporated almost to dryness to remove excess of acid. 
Any stannous tin is in this way oxidised to the stannic 
condition. The residue is dissolved in water and the 
metals again precipitated as sulphides. Sb 2 S 3 and SnS 2 
are then removed by extraction with NaOH. In separating 
bismuth and lead advantage is taken of the insolubility of 
bismuth dichromate in NaOH and the solubility of lead 
chromate in this reagent. 

Preliminary Experiments. 

1. (a) Freshly precipitated Bi 2 S 3 was treated with 
boiling a/N HC 1 . The greater part seemed to go into 
solution quickly, but a residue remained which only dis- 
solved on boiling for some time. This suggests the 
presence of different forms of the sulphide analogous to 
those of nickel (Zeit. Anorg . Chem., 1914, lxxxvi., i.). 
(b) When boiled with 3*3/8 HC 1 Bi 2 S 3 dissolved com- 
pletely and in a few moments. 

2. Freshly precipitated Sb 2 S 3 was treated with 3*3/N 
HC1, but even on prolonged boiling did not dissolve com- 
pletely. On the other hand, with boiling 5/N HCI com- 
plete solution was effected in a few moments. 

3. Freshly precipitated HgS and CuS were treated with 
5/N HCI at the boiling-point for two minutes. H 2 S was 
passed into the hot mixture for a minute. On filtering, 
diluting the filtrate largely and saturating it with H 2 S, no 
precipitate was obtained. HgS and CuS are therefore 
not attacked by 5/N HCI under these conditions. 

100 mgrms. of As 2 S 3 were treated with 5/N HCI, and 
the cold mixture saturated with H 2 S. The mixture was 
boiled briskly for two minutes and filtered. On passing 
H 2 S into the filtrate a small precipitate of I to 2 mgrms. 
As 2 S 3 was obtained 

1 mgrm. of As 2 S 3 was treated in the same manner. The 
filtrate on saturating with H 2 S gave practically no indica- 
tions of the presence of As, or, at least, only an extremely 
slight yellow turbidity. 

In a parallel experiment xoo mgrms. of As 2 S 3 were 
boiled with 5/N HCI for two minutes without previously 
saturating the mixture with H 2 S. The filtrate on treat- 
ment with H 2 $ gave a precipitate of Ab 2 S 3 of 5 to 10 
mgrms. 

The other sulphides of the group when mixed with 5/N 
HCI saturated with H 2 S dissolved easily on boiling. 

4. A solution containing 200 mgrms. of Sb in xo cc. of 
5/N HCI was heated to boiling and the hot solution satu- 
rated with H 2 S. No precipitate appeared. On cooling 
the solution under the tap an immediate bright red precipi- 
tate of Sb 2 S 3 was obtained. 

Under the same conditions x mgrm. of Sb gave on 
cooling no precipitate, but on adding 2 cc. of water and 
shaking a pale red precipitate appeared, which increased 
in quantity on keeping the solution under the tap. 

A similar test with 0*2 mgrm. of Sb in xo cc. of 5/N 
HCI gave after cooling, adding a to 3 cc. of water, and 
further cooling, a distinct pale yellow turbidity. In all 
cases the precipitates of Sb 2 S 3 dissolved on heating, but 
reappeared on cooling the solution under the tap. 

5. An exactly similar experiment, in which 250 mgrms. 
of [Sn(ic] tin were used, gave no precipitate on cooling, 
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bat on dilating largely a yellow precipitate of SnSa was 
obtained. 

A solution containing 250 mgrms. of Sn(ic) tin and 
1 mgrm. of Sb gave the above mentioned test tor Sb quite 
easily. 

6. A solution containing 100 mgrms* Sb In 20 cc. of 
3'3/N HCI 1 vol. HC1 (x*x6) + 2 vols. H 2 0 — was heated 
to boiling and saturated with H a S. The antimony was 
precipitated completely as Sb a S 3 . The filtrate on diluting 
largely gave no further precipitate with H a S. 

A similar solution containing 100 mgrms. of bismuth in 
20 cc. of 3'3/N HCI was heated to boiling and treated 
with H a S. No precipitate appeared. On cooling under 
the tap a black precipitate of Bi a S 3 immediately appeared. 
A precipitate of Bi a S 3 was also obtained when a few 
drops of water were added to the hot solution. 

A solution containing 30 mgrms. of antimony and 
50 mgrms. of bismuth in 20 cc. of 3'3/N HCI was heated 
to the boiling-point and saturated with H 2 S. A pure red 
precipitate of Sb 2 S 3 was obtained, and on filtering and 
diluting the filtrate a black precipitate of Bi 2 S 3 came 
down. 

The metals Bi and Sb can thus be separated if care be 
taken to keep the liquid near the boiling-point and to filter ; 
through a dry filter-paper into a dry vessel. The precipi- 
tate or Sb 2 S 3 should then be washed with hot 3*3 N HCI, 
containing H 2 S, before washing with water, in order to 
prevent any precipitation of bismuth through local dilution 
of the acid solution. 

7. The above experiments show that a separation of 
mercury, copper, and arsenic from the other members of 
the group can be effected by boiling the mixed sulphides 
with 5/N HCI which has been saturated with H 2 S. Any 
trace of As, which may be dissolved, can be removed by 
passing H 2 S through the filtrate at the boiling-point. 

The filtration must be carried out while the solution is 
just slightly below the boiling-point, and it is advisable to 
use a dry filter-paper in a funnel which has been warmed 
by pouring boiling water through it. Under these con- 
ditions no precipitation of Sb 2 S 3 , due to cooling or local 
dilation of the acid solution, need be feared. 

8. 100 mgrms. of bismuth as chloride and 10 mgrms. of 
lead as nitrate were precipitated by NH4OH, and the pre- 
cipitated hydroxides washed ; they were then dissolved up 
in a few cc. of hot 2/N HN 0 3 . To the solution K 2 Cr 0 4 
was added, then NaOH in excess, and the mixture boiled for 
a moment and filtered. The filtrate was acidified with 
acetic acid. An Immediate yellow precipitate of PbCr 0 4 
was obtained, which dissolved on making the solution 
alkaline with NaOH, The yellow residue on the filter, 
consisting of bismuth dichromate, was dissolved in a little 
dilnte HCI. On adding sodium stannite the characteristic 
black precipitate of bismuth was obtained. 

A similar experiment with 50 mgrms. of bismnth and 
x mgrm. of lead gave a very pronounced yellow turbidity 
of PbCr 0 4 , while a blank experiment consisting only of 
bismuth gave no trace of a turbidity on acidifying with 
acetic acid. 

(Note. — The HCI used throughout these experiments 
had a specific gravity of 1*165 and a strength of approxi- 
mately xo times normal. The 5/N acid referred to was 
obtained by adding an equal volume of water to the con- 
centrated acid and the 3'3/N by adding 2 vols. of water). 

Copper and Tin Group, 

Separation of Hg, Cu, Pb, Bi, Cd, As, Sb, and Sn.— 
Precipitate the metals of the group in the usual way, and 
wash with warm H 2 S water containing a little NH 4 C 1 « 

Filtrate , — Group III. 

Precipitate . — Sulphides of Hg, Cu, Pb, Bi, Cd, As, Sb, 
and Sn. Transfer the sulphides to a small beaker, add 
30 cc. of 5/N HCI— i vol, cone. HCI (1*16) + 1 vol. 
water— pass H 2 S gas through the mixture for one minute, 
heat to boiling, and keep at this temperature for two 
minutes. Filter through a dry filter-paper in a funnel 
which has been warmed with hot water ; wash the residue 


with a few cc. of warm 5/N HCI. Heat the filtrate 
again to boiling, and treat with H 2 S gas for a few 
moments, to remove any traces of arsenic which may have 
been dissolved by the HCI, and filter again as before. 
Combine the residues. 

(Note. — The filtration must be carried out while the 
liquid is still very hot, and local dilution of the acid 
through contact with a wet filter-paper is to be avoided, 
otherwise antimony if present in any quantity will be pre- 
cipitated to some extent— see Preliminary Expt. 5). 
Residue, Ri.— HgS, CuS, As 2 S 3 (trace Sb 2 S 3 ). 

Boil the precipitate with about 10 cc. of NaOH solu- 
tion (2/N) for a few moments, filter, and wash. 

Residue, R 2 .— HgS, CuS. 

Dissolve in a few cc. of HCI (cone.) with the addition 
of a few crystals of KC 10 3 . Evaporate almost to dryness, 
and dilute to about 5 cc. Test a portion of the solu- 
tion for Hg with SnCl 2 , and another portion for Cu with 
K 4 Fe(CN) 6 . 

Filtrate , F 2 . — Na 3 A& 0 3 and Na 3 AsS*. 

Add a lew cc. of H 2 0 2 solution and boil. (Any black 

P recipitate which may form is filtered off and tested for 
Ig). Continue the boiling for a few moments to destroy 
excess of H 2 0 2 ; neutralise with HCI, and to the solution 
add its own volume of HCI (cone.). Heat to boiling, 
and saturate with H 2 S. A yellow precipitate denotes As, 
(Note. — On filtering off the AS2S3, cooling the filtrate 
under the tap, and diluting, a small orange precipitate or 
turbidity due to Sb 2 S 3 is always obtained here if the sub- 
stance under examination contains this element). 

Filtrate , Fi.— Chlorides of Pb, Bi, Cd, Sb, and Sn. 

Boil to expel H 2 S, add 15 cc. H 2 0 2 , and evaporate almost 
to dryness. Dissolve the residue in 20 cc. of water with 
the addition of 4 to 5 cc. dilute HCI (2/N). Heat to 
boiling, and saturate with H a S gas. Dilute to 50 cc., and 
again saturate with H 2 S. Filter, and wash. 

Precipitate , P 2 .— Sulphides of Pb, Bi, Cd, Sb, and 
Sn(ic). 

Boil with 10 cc. of NaOH (2/N) for a minute or two. 
Filter, and wash. 

Residue, R 3 .— Sulphides of Pb, Bi, Cd. 

Dissolve in a little (5 cc.) hot 3*3/N HCI (1 vol. cone. 
HCI 4-2 vol. H 3 0 ). Add NH 4 OH in excess, boil, filter/ 
and wash. 

Precipitate, P 3 . — Bi(OH) 3 , Pb(OH} 2 . 

Dissolve in 3 to 4 cc. boiling dilute (2/N) HN 0 3 . (Pour 
the acid through the filter several times). Add 5 cc. of 
K 2 Cx 0 4 solution and xo cc. NaOH. Heat to boiling, 
and filter. 

Residue , R 4 . — (Bi0) 2 Cr 2 07. 

Add a few cc. of dilate HCI to the precipitate, and 
filter into a solution of Na stannite. A black 
precipitate or coloration indicates Bt. Acidify the filtrate 
containing Na a PbO a + K 2 Cr 0 4 with acetic acid. A yellow 
turbidity or precipitate of PbCr 0 4 , which dissolves up 
again on making alkaline with NaOH, indicates Pb, 
Filtrate , F 4 .-Cd(NH 3 ) 4 Cl 2 . 

Pass H 2 S through the solution. A pure yellow pre- 
cipitate indicates Cd, 

Filtrate, F 3 .— Sb and Sn asstannates, thiostannates, &c. 
Pass a few bubbles of H 2 S through the alkaline 
solution to remove any traces of Pb. Filter if 
if necessary, neutralise the solution with HCI, and then 
add an equal volume of cone. HCI (i a x6), and boil till 
free from H a S. 

I. Treat 5 cc. of the solution with an iron nail or some 
levigated iron for a minute or two at about go 0 . Filter 
into a solution of HgC! a . A white precipitate or turbidity 
indicates Sn, 

II. Heat the remainder of the solution to boiling, and 
saturate with H 2 S. Cool carefully under the tap. If no 
i precipitate forms add 2 to 3 cc. of water, shake, and keep 
under the tap for a few minutes. A red precipitate or 
yellow turbidity denotes Sb. 

(Note. — The colour of the precipitate varies from 
bright red to pale yellow, and depends on the amount of 
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Sb present, A trace of Sb, 1 mgrm. or less, gives only a 
faint yellow turbidity. With a concentration of HCl of 
5 /N as above, no Sn is precipitated by H a S in the cold, 
even when large quantities are present). 

In order to test the method the following analyses were 
carried out, and the results in every case proved to be 
entirely satisfactory. 



Hg 

Mgrms 

Cu 

As 

Pb. 

Bi. 

Cd 

Sb 

Sn 

X. 

200 

20 

IOO 

2 

20 

20 

20 

*— 

2. 

— 

200 

5 

— 

— 

— 

IOO 

5 

3 * 

20 

— 

xoo 

— 

— 

— 1 

10 

— 

4 * 

— 

xoo 

5 

— 

— 

— 

IOO 

10 

5 * 

— • 

— 

— 

I 

50 

— 

— 

— 

6. 

— 

— 

— 

— 

— 

— 

I 

250 

7 - 

xoo 

— 

2 

— - 

— 

— • 

— - 

— 


Note.— In Analysis 3 the HgS was practically com- 
pletely dissolved by NaOH, due to the presence of 
a large amount of AS2S3, but on boiling with H 2 0 a 
was completely re-precipitated. 

In conclusion, I desire to thank Prof. J. Walker for the 
interest which be has taken in the above work, and for 
much useful advice. 

Chemistry Deportment, 

University of Edinburgh. 


PREPARATION OF SILICON CHLORIDES. 

(A Reply to Dr. Kipping). 

By GEOFFREY MARTIN. 

My attention has just been called to an attack by Dr. 
Kipping (Chemical News, 1915, March 26th, p. 135) on 
my method of preparing chlorides of silicon (Trans. Chem . 
Sou., 1914, cv,, 2836) by the use of the new commercial 
product 50 per cent ferrosilicon. Dr. Kipping points out 
that Warren (Chemical News, 1892, lxvi., X13) had pre- 
viously suggested the use of a pig-iron containing 15 per 
cent silicon. Warren’s process is perfectly hopeless from 
a practical point of view on account of the enormous 
excess of iron, which consumes too much chlorine. 

The method has only an academic interest, and as such 
was not mentioned. My paper, in fact, was intended to 
describe merely the cheapest practical method available at 
the present time. As I pointed out in my paper, there is 
only one substance technically available, and that is 30 per 
cent ferrosilicon, which only came on the market on the 
large scale after 1902, long after Warren’s paper. In 
fact, by using 50 per cent ferrosilicon one can obtain 
silicon at about xs. a lb., against 18s. a lb. for technical 
100 per cent silicon (pre-war prices). I explained this at 
length in my paper as originally submitted to the Chemical 
Society, and pointed out that this enormous cheapening 
0/ cost was the essential improvement of the method . 
Most unfortunately, however, these details were cut out 
of my paper by the Society as too “ commercial ” for a 
scientific publication. The two other methods mentioned 
in my paper, via., Oersted’s process and Gattermann’s 
process, were at the time of their publication the cheapest 
methods extant, and were practical methods. 

My paper was intended to deal solely with practical 
methods, and I had no intention of making a complete 
historical summary of all the methods which have been 
used or suggested for preparing silicon chlorides. As a 
matter of fact the principle of making chlorides of silicon 
by passing chlorine over silicon (either free or dissolved in 
metals in the form of silicides — it makes no difference) 
is not new, but dates back to the time of Berzelius (see 
Berzelius, Jahres. Ber. t 1825, iv., 91), and the use of 
silicides of magnesium, aluminium, iron, and copper 
have been suggested for this purpose. I believe, 
however, that my paper contains tne first published 


description of the use of 50 per cent ferrosilicon for this 
purpose, and this is all I claimed. 

Dr. Kipping, therefore, is reading, into my paper preten- 
sions which are not contained therein and which are not 
claimed by me. 

The further progress of Dr. Kipping’s series of 
“researches” on my researches (see Trans . Chem . Soc. t 
1913, ciii., 119; 1914, cv., 2861, See.) are awaited with 
interest by the writer. 


PHOTOSYNTHESIS IN ORGANIC CHEMISTRY.* 
Introduction and General Considerations. 

By E PATERNO 

No r e I . — In troduction . 

That solar energy, light, and heat are necessary to life 
has been known from the most remote antiquity ; in the 
writings and poems of every age we find abundance of 
certain indications. Our aim is not that of occupying our- 
selves with the action of light in organic evolution and life, 
but to examine only the action of the light on the pheno- 
mena that are attributed to chemical affinity, combina- 
tions, and decompositions. 

Contact, solution, heat, electricity, light, and radio- 
active emanations are the agents which determine the 
transformations of inanimate matter. 

They produce, together with enzymes, bacteria, and the 
various high and low organisms, vegetable and animal, all 
the material evolutions of nature, with alternate vicissitudes, 
and with a motion that seems never to be at rest. 

Now, among the various agents that determine and 
modify chemical activity in inanimate bodies, light is 
perhaps that which has received the least extensive appli- 
cations, if we except the vast field of photography. The 
various solvents, heat, electricity, are used every day and 
every minute in laboratories and in factories. Who has 
recourse to the action of light ? A cause of this is perhaps 
to be found in the fact that many reactions that take place 
from the action of light do the same, and more rapidly, on 
heating, and in the belief that resemblance of the action of 
light and heat is also greater than it is in reality. 
Berthollet, on the one side, and Gay-Lussac and Thenard 
on the other, in the beginning of the last century, tried to 
piove the unity of the chemical action of heat and light, 
and though Davy, in his “ Elementi di Chimica agraria ” 
(i., 45 » Italian translation) stated that light has an action 
independent of that of the beat which it produces, he 
could not find a purely chemical example of it, but had to 
choose, in confirmation of his statement, one where the 
action of light is connected with a biological fact. 

The earliest studies on the chemical action of light deal 
with the colouring of the salts of silver and with the 
bleaching of vegetable colours, although in the year 1725 
Bestuscheff had observed the reduction of an ethereal solu- 
tion of ferric chloride kept in the light. 

On the alteration of silver salts in the light the first 
observation seems to be due to Schultze, in the year X727, 
but the most important studies on the action of light on 
silver chloride (luna cornea) on the bleaching of colours 
under the action of light, and on the property of some bodies 
of becoming phosphorescent in the darkness, after being 
exposed to the light, were published by Bartolomeo Becchari, 
of Bologna, from 1731 to 1757. (I owe these notices on 
Beccari to my friend Prof. Guareschi, who is searching 
with so much love the part played by our fathers in the 
development of chemistry). 

The argument was afterwards studied by Scheele, who 
in his famous “ Traitd de l’Air et du feu ” (French transla- 
tion by Baron de Dietrich, p. 129) occupies himself with 
light, and shows that solar fight, concentrated at the focus 
of a concave mirror, decomposes the terre d’argent 

* From the Gassetta Chimica Italian a, 1909-1914, 
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(carbonate), the chaux de mercuric (oxide), that solar 
light decomposes nitric acid, alters the luna cornea, 
reduces gold chloride, and above all he observed that the 
different parts of the spectra do not act equally, and the 
action is produced sooner with violet light than with the 
other rays. (On p. 264 of said work there is a note, 
evidently by the translator, where it is said This obser- 
vation is common to Becari (sic), Meyer, Schultze, and 
Sennebier). 

Important researches about the chemical action of light, 
independently of that which concerns the vital process of 
the plants, and that passes the limits of our examination, 
were afterwards made by the celebrated Count Rumford 
{“ Pnilosophical Papers,” i.), who studied the reduction of 
the salts of gold and of silver under the action of solar 
light, and that of a candle, imbibing their solutions with 
white silk, linen cloth, and cotton, and white magnesia ; 
he also studied the behaviour of the solution of the salts 
of gold and of silver in presence of charcoal, turpentine, 
and olive oil. (Who likes to know more about this matter 
may see “Ueber die Chemischen und Physiologischen 
Wtrkungen des Lichtes,” von A. Kandurche, Marburg, 
1834)- 

Wollaston (Gilbert's Ann., 1811, xxxix., 291) and 
Herschel (Phil, Mag., 1843) studied the action of light on 
the vegetable colours, and especially on the resin of 
guaiacum, which was afterwards utilised so well by 
Bunsen and Roscoe in their classical researches. 

Of the argument Bertbollet occupied himself with 
interest in his “ Essai de Statique Chimique ” (Paris, 1803), 
where Chap. III. (vol. i., p. 189) is devoted to the study of 
the action of light and of the electric fluid, and where it 
merits to be remarked that, dealing with the above men- 
tioned experiences of Rumford, he says that the reduction 
of the oxides is owed to the carbon and to the hydrogen of 
the ether and of the oils. 

Gay-Lussac and Thenard in the vol. ii. of their 
“ Recherches Phyeico-chimique *’ (Paris, 1811) occupied 
themselves extensively with the manner of acting of light 
in tie chemical phenomena (vol. ii., p. 186) with the aim 
of retrenching the last doubts as to the identity of the 
action of light and heat. 

Important observations are owed to them on the 
alteration of the vegetable colours as saffron-red, logwood 
extract, Brazil-red, curcuma yellow, and wool and silk 
differently dyed. Having observed that light produces 
the same result as heat, and encouraged by the fact that 
violet rays, while they heat the bulb of a thermometer less 
than red rays, have a stronger chemical action, they con- 
clude that light has very singular properties, and that the 
effects it produces cannot be reconciled with those of its 
different rays (p. 206). 

To confirm the interest that the learned men of those 
times put in the study of light, I will say that in the 
“ Philosophic Chimique” by Fourcroy (Pans, III.) in the 
first page he reduces all the facts ana all the experiences 
of chemistry to twelve general phenomena, and first 
among these he puts the action of light. 

But, from the application, made by Daguerre to photo- 
graphy, of the action of light on silver salts, the study of 
photochemistry grows so intermingled with the ^extra- 
ordinary progress of its application, that it is difficult 
from this mixture and from this thick net to sever the 
photochemical reactions from the purely chemical point 
of view. . . , , „ 

We shall try our best to gather the principal facts that 
concern the action of light on organic substances, to which 
we shall restrict ourselves. From this limited point of 
view we can say that two facts were affirmed from the 
beginning of last century, namely, that light destroys the 
vegetable colours which it concurs to form in the living 
plants ; on the other hand, that some substances, such as 
ether, turpentine, oil, exert a reducing action on some 
salts, and therefore give up to them part of their hydrogen. 

Attempts have been made to group and classify the 
various reactions which light gives. And thus Ed. 
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Becquerel in an important paper (Ann. Chim. Phys 1843, 
[3], ix., 257} classifies the chemical actions of light m 
three groups, namely, bodies that undergo some physical 
change without change of composition, bodies whose 
elements are combined under the influence of solar rays, 
and bodies or combinations which are destroyed in part 
or totally by the influence of light ; but in the examples 
that he conveys there is uncertainty, and so in the second 
series the phenomena of simple addition are confused with 
the more complex ones of the action of the halogens on 
hydrocarbons, and with phenomena of oxidation. 

More recently a classification has been made by Roloff 
{ Zeit Pk\s. Chem., xxvi., 337), and in this year H. Stobbe 
in a notable lecture given at the meeting of the Bunsen 
Society in Vienna [Zeit. El. Chem., 1908, No. 33) has very 
cleverly distinguished between the various phenomena and 
different transformations that solar light produces in the 
compounds of carbon. 

But to arrange all the photochemical phenomena with 
exact scientific judgment does not seem to me for the 
moment possible ; among other things, the part that con- 
cerns the catalytic action that many attribute to light is still 
uncertain. It has long been known that the catalysing 
agents can determine combination in substitution of heat, 
and I have proved that porons carbon could substitute the 
insolation in the formation of carbon oxychloride (Gasz. 
Chim . Ital 1878, p. 238), a method which has been 
extended by Francesconi and Bresciani to the preparation 
or nitrosyl chloride [Gazz. Chim. Ital., 1904, i., 13). But 
the very fact that heat, light, and catalysis can produce 
the same reactions and transformations, makes an exact 
classification of the transformations produced by only one 
of such agents a difficult task. 

So Roloff, who, indeed, has never completed his pub- 
lication, divides the action of light into physical and 
chemical, and includes among the former the stereo- 
chemical transformations and the polymerisations. 
According to us, on the contrary, these are true and far- 
reaching chemical transformations. 

Stobbe makes a first division of the photochemical 
reactions of organic substances into reversible and non- 
reversible ones ; but not even this distinction can be taken 
as a secure foundation of classification, because then the 
polymerisation of anthracene should be distinguished from 
that of vinyl bromide ; while the condition of reversibility, 
or not, ought to be considered as a secondary thing, the 
principal and comprehensive phenomena being the 
polymerisation. 

For my part I should be inclined to distinguish : — 

1. The transformations, complete or partial, of a single 

substance into another single snbstance ; under this 
heading are grouped the isomerisations, stereoiso- 
merisations, polymerisations, the phenomena of 
phototropy, and intramolecular oxidations. 

In this class the various reactions can be further dis- 
tinguished as reversible and not reversible. 

2. The decompositions and hydrolyses. 

3. The reactions which take place between two or more 

substances, and which comprise the additions, the 
substitutions, the reductions, the oxidations, etheri- 
fications, &c . 

4. The synthetical processes. 

In the first group, as far as polymerisations are con- 
cerned, we may quote four different cases which repre- 
sent the types of as many reactions; broraoacetylene, 
vinyl bromide, chloral, and anthracene. In the first case 
under the action of light takes place a polymerisation and 
tribromobenzene is formed, which, rather than a true 
polymeride of the first, is a new compound ; in the second 
case the vinyl bromide is transformed into a polymeride, 
evidently of a very complex nature, but neither of these 
compounds In whatever way treated will regenerate the 
first compound any more ; in the case of chloral we have 
the formation of metachloral or insoluble .chloral, which 
regenerates the first product not in the dark, but by heating 
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at ioo° ; in the fourth case paranthracene is formed, 
which by sublimation, but also when taken away from the 
action of light, regenerates anthracene, a phenomenon so 
carefully studied by Luther and Weigert ( Zeit . Pkys . 
Chem ., li., 327)* , ^ 

Ihese are evidently four types of different transforma- 
tions, to which ail the instances of polymerisation may be 
brought back. # . 

For the transformation of the organic compounds in 
isomerides, it is enough to distinguish between the two 
cases of constitutional isomerism and stereoisomerism ; an 
example of the first case we have in the transformation of 
angelic into tiglic acid observed by Wishcenus, while some 
examples of the second case are the transformation of 
cinnamic into allocinnamic acid (Ltebermann, Ber., xxiii., 
2510; xxviii., 1443)1 of maleic into furaaric acid (Sachs, 
Ber., 1895, p. 489), of some oxymes into the zyn form 
(Ciamician and Siluer, Gazz. Chim. Ital., 1904, ii., 129). 

With some cases of phototropy, a name introduced by 
Marckwald (Zeit. Phys. Chem 1899, xxx., 140) to whom 
are due the first observations of it, and the statement that 
they are all reversible, Stobbe dealt with success in his 
important studies on folgides (Annalen, ccxlix., 333), and 
Prof. Piutti, who has described a series of phototropic 
compounds, among which we shall mention some immides 
of pbthalic, pyrocinconic, and maleic derivatives, fumaric 
and metaconic diammides, and some phenylic derivatives 
of itaconic acid ( Gazz . Chitn. Ital ., 1903, 1906, 1907, 
1908). 

And still in the first class of transformation of a single 
substance into another, the intramolecular oxidations are 
worthy of particular attention. They have been observed 
in the nitric compounds, and examples, not however due 
to the action of light, had been observed by Baeyer in the 
formation of indigo from o-nitrophenyloxyacrylic acid 
(Ber., xiii. , 2262), and 0 nitrophenyllacticmethylketone 
(Dir., xv. t 2856), in the formation of isatin from o-nitro- 
phenylproptoitc acid (Ber., xiii., 2259). 

A characteristic transformation is that, observed as early 
as 1895 by Friedlander, of the nitronaphthalindisulphonic 
acid in nitrosonaphtholdisulphonic acid (Be?., xxviii., 
1535). A quite similar reaction takes place under the 
action of light, and Ciamician and Silber have proved that 
nitrobenzoic aldehyde is transformed into nitrosobenzoic 
acid, o-nitropiperonal into o-nitrosopiperonillic acid. 

In the second group we have included the decompositions 
and the hydrolyses provoked by light. For the decom- 
positions, in the strict sense of the word, there are but 
few examples in mineral chemistry, and I think it is diffi- 
cult to find any among the organic compounds. The 
alterations undergone, e.g., by the alcoholic iodides, besides 
not having been yet thoroughly studied, cannot be simple 
molecular splitting into more simple parts, and generally 
all the instances commonly quoted as decompositions of 
organic substances by light are real transformations, which 
come in again into the other cases. 

Perhaps a case of decomposition which may be taken as 
an example is that of nickel carbonyl which is rapidly 
decomposed in the light (Dewar and Jones, Proc . Roy. 
Sac., 1907, Ixxix., 66). As to examples of hydrolysis, 
it is enough to mention the researches of St. Victor and 
Corvisart on starch (Annalen der Chemie , cxiii., 1x2), and 
that of cane-sugar observed by Raoult, and the others 
observed by Ciamician and Silber on the ketones ( Ber 
xxxiii., 1583, and Lieben's Jubelband , 1906), where it is 
proved that acetone splits into acetic acid and methane, 
methylethylketone into acetic acid and ethane, while 
menthone r a cyclical compound, by the opening of the 
ring furnishes aecylic acid. 

The reaction is the same as that observed by Chancel in 
x86o with benzophenone, which splits into benzoic acid 
and benzene, and is completed by that studied by Fay 
(Am. Ckem.youm ., 1896, and Annalen , ccxxxii., 262), who 
has proved that acetic, propionic, and isobutyric acids, in 
the presence of uranyl salts and under the action of light, 
give methane, ethane, and propane. 


The third group comprehends the additions, substitutions, 
etherifications, and the processes of oxidation and reduc- 
tion. The phenomena of addition in the organic com- 
pounds, especially with halogens, are numerous enough, 
and many are facilitated by intervention of light, others 
do not come except with the light ; it is not worth while 
to mention examples because they are too obvious. It is 
enough to remember that according to Wislicenus ( Annalen , 
cclxxii., 98) tiglic acid adds bromine only in the light, 
while its isomer angelic acid adds it only in the dark. Also 
the phenomena of substitution of the halogens in organic 
compounds are facilitated by light, and generally the 
higher substituted products are not formed without its 
intervention. It is enough to remember the works of 
Dumas, of Malaguti, and of Regnault to find numerous 
examples of what I say. But an important fact is known 
as to the formation of the products of substitution, namely, 
their difference, according as the preparation is made in 
darkness or in light. It was already known that beat 
produces the same effect, and we must remember the action 
of chlorine and bromine on toluene, which at low tem- 
peratures enter in prevalence into the aromatic nucleus 
(Beilstein and Geitner, Annalen, cxxxix*, 132), while at 
high temperatures they enter chiefly in the side-chain. 
The same happens and more decidedly with light; so 
Schramm has found that, among the homologues of 
benzene, in the light the halogens enter in the side-chain, 
and without it they enter m the nucleus (Ber., xviii., 
350, 606, 1272 ; xxix., 212). H. Apolski has also studied 
the chlorination and bromination of thiophene (Phys. 
Centr ., 1906, in.). 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , March 25, 1915. 

Sit William Crookes, O.M., President, in the Chair. 

Papers were read as follows 

11 The Production of Growths or Deposits in Meta-stable 
Inorganic Hydrosols. n By Prof. B. Moore, F.R.S. 

u On Forms of Growth resembling Living Organisms 
and their Products slowly deposited from Meta-stable Solu- 
tions of Inorganic Colloids By Prof. B. Moore, F.R.S., 
and W. G. Evans. 

“ A Contribution to our Knowledge of the Chemistry of 
Coat-colour in Animals and of Dominant and Recessive 
Whiteness .” By H. Onslow. 

This research was undertaken in order to discover a 
chemical method of differentiating the two similar forms 
of white animals known' as Dominant whites and Recessive 
whites, or albinos. Hitherto this has only been possible 
by observing their genetic behaviour. 

Dark animal pigments are believed to result from the 
oxidation of a colourless chromogen by an oxydase. The 
skins of young black rabbits were found to yield a tyrosi- 
nase which converted tyrosine to a melanin. By means 
of this tyrosinase it was possible to test extracts from 
white rabbits of both types. 

Briefly, extracts from Dominant whites contained an 
anti-oxydase which inhibited the tyrosinase of the black 
rabbit extracts. Extracts from albinos, on the other hand, 
had no inhibiting influence, and were themselves incapable 
of producing any pigment. The anti-oxydase was also 
found in those white parts of rabbits which are Dominant 
to colour, such as the white bellies of the wild rabbit and 
of the yellow rabbit carrying agonti. 

These results tend to confirm the Mendelian view that 
Dominant whiteness is caused by a factor which inhibits 
the pigment-producing mechanism if present, and that 
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albinism results from the partial or total absence of the 
factors necessary for the development of pigment. 

The experiments also revealed facts which suggest that 
the difference between pigments producing black, choco- 
late, and yellow hairs is quantitative rather than quali- 
tative, for after extraction the pigments in all thiee colours 
appear identical. 

That variation in colour is a structural modification is 
supported by the fact that dilute colours, such as blue, are 
caused by a lack of pigment in the cortex. In the corre- 
sponding intense colours, such as black, pigment being 
present in the cortex, the white light reflected from the 
vacuoles is absorbed, thus deepening the colour. 


INSTITUTION OF CHEMICAL TECHNOLOGISTS. 

^ (London Section). 

Colonel Charles E. Cassal, V.D., President of the 
Institution, in the Chair. 

(Continued from p. 203). 

In an able lecture delivered before the British Association 
in 1001, Profe&8or Green stated that the remedy for the 
existing condition of affairs in connection with British 
chemical industry could only be found in the better appre- 
ciation of the value of science throughout the length and 
breadth of the land, and that it is not so much the educa- 
tion of our chemists which is at fault as the scientific 
education of the public as a whole. The ignorance of the 
general public in regard to science and the value of science 
is accurately reflected in our legislature, representing as 
the latter does in the mass the greatest stupidity of the 
greater number, and is indicated by the ignorance and 
ineptitude of the State in dealing with science and with 
scientific problems. It is only by meetings such as this 
and by their constant repetition that this fundamental 
point can be impressed upon the public and their repre- 
sentatives. 

Sir William Perkin in an address to the Chemical Society 
in 1885 stated that the success of the German chemical 
industries was due to the employment of high-class pro- 
fessional chemists. The truth of this is so obvious that 
it ought to be unnecessary to put forward the statement. 
What steps, however, do the majority of our manu- 
facturers take to encourage the high-class chemist, and 
what steps do the Government authorities take in the 
same direction ? In an advertisement recently issued 
by the Inspection Department of the Royal Arsenal, 
Woolwich, the value placed by Government departments 
on scientific services even at the present time is clearly 
indicated. I will quote the advertisement 

“ Inspection Department, Royal Arsenal, Woolwich. 

“Wanted immediately. Temporary Assistant 
Chemists. Applicants must have had a thorough 
training in Inorganic and Organic ChemiBtry, and 
must be accurate Analysts. University graduates or 
members of the Institute of Chemistry will have 
preference. Wages £2 os. 6d. per week. 

“Applications, giving particulars of training and 
experience and accompanied by copies of not more 
than three recent testimonials, should be addressed 
to Chief Inspector, Royal Arsenal, Woolwich.” 

If a Government department sets such a scandalous 
example what is to be expected from the ordinary manu- 
facturer ? 

Referring to this in a letter to the Daily Chronicle » Sir 
William Tilden observes:— “ Does Chief Inspector 
seriously think that a trained chemist is worth no more 
than the ‘wages* he offers, which are subject to the 
deduction of 411. a week for insurance ? _ Does he realise 
that the kind of man he is asking for has in all cases spent 
at least five or six years in acquiring his technical skill and 
during that time has provided maintenance and fees at his 
own cost ? I am informed that these assistant chemists 


have been wanted for the last three or four weeks, but that 
no applicants for the posts have appeared — hence the 
advertisement. If any applicants do turn up it is certain 
that like all other scientific men of British birth they are 
animated by the patriotic desire to be useful to their 
country, and are willing to disregard official insolence. 
But it will have to be remembered that when the war is 
over the Government of this country will not continue to 
receive scientific assistance at the 1 wages ’ of the unskilled 
labourer, alongside of whose labour it is now ranked.” 

In an advertisement which recently appeared in the 
Chemical News, a “ highly-trained chemist/' who had to 
be a “University Honours man,” was sought, and the 
“ salary ” offered was £65 a year. Similar examples might 
easily be multiplied. I will give another that has just 
been brought to my notice and which indicates the sort of 
treatment that the scientific chemist is expected to submit 
to. This example relates to a form of agreement between 
the chemist and his employer in regard to an appointment 
to be made by an English Aim at, of course, a miserable 
rate of remuneration. 

“ If during the continuance of this Agreement the em- 
ployee shall discover, invent, or otherwise become possessed 
of any process or improvement in the manufacture of or 
otherwise relating to he shall forthwith communi- 

cate the same to the Company, who shall be at liberty to 
apply for Letters Patent in all countries for the same in 
their own or any other name or names, and all such 
Letters Patent, when obtained, shall be the property of 
the Company, and the Company shall pay all fees in 
connection with such patent. 

“ If the Company is unable to apply for and obtain any 
Letters Patent in any particular country for any such 
inventions and improvements in its own name the employee 
shall, at the expense and request of the Company, apply 
for and obtain such Letters Patent in his own name, and 
the same shall when obtained be forthwith assigned to the 
Company for a nominal consideration of ten shillings t but 
at the expense of the Company in all respects.” 

Can any more striking example of how not to do things 
be afforded than the ridiculous exhibition which the 
Government has made of itself in regard to the Dye 
Industry ? To control the operations of “ British Dyes. 
Limited,” a Board of Directors has been appointed, on 
which I believe I am right in saying that there is not only 
not a single representative of the branch of chemical 
science specially involved, but not even a single scientific 
chemist. There are two chairmen of railway companies 
and a chartered accountant, but no man skilled in 
chemistry to assist in the control of a national chemical 
industry. It would appear, however, that a Committee 
consisting of scientific experts is to be appointed “to 
assist the Board on technical points.” In other words, a 
Committee of experts is to be kept in a back room to be 
consulted when the non-experts who compose the Board 
see fit, in their wisdom, to do so, but this Committee is, 
of course, to have no power of control or any voice in the 
management of the concern. Can anything more absurd 
be imagined, or anything more derogatory to the men of 
science who are to be so contemptuously treated ? 

It is not clear whether “British Dyes, Limited,” are 
going to manufacture and sell such drugs as are by- 
products in the manufacture of dyes. This matter, as one 
newspaper expresses it, has been left in a “ conveniently 
nebulous” condition. Unless these drugs are manu- 
factured “British Dyes, Limited,” will not be able to 
produce the dyes at a reasonable commercial price. It is 
absolutely impossible to carry out this branch of the 
industry, at any rate without the continuous co-operation 
of the most highly-trained scientific chemists and ample 
provision for research. 

It is absurd to suppose that a Board of so-called business 
men will be capable of managing this business success- 
fully, in view of the fact that the matters to be dealt with 
involve intimate and thorough knowledge not of one 
highly specialised branch of science only, but of several. 
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The subject is one of the utmost complexity, and if success 
is to be attained it must be approached and dealt with in 
an entirely different manner. The first essential is a pro- 
perly-constituted Board of Directors adequately repre- 
sentative of the chemical profession, of the trades 
concerned, and of finance. The very best technical and 
business advice is absolutely necessary. A Board com- 
posed merely of business men, however able they may be, 
is not in a position even to understand the problems they 
will be called upon to solve. As Prof. Meldola has recently 
pointed out, the position of the business men in question 
will be precisely similar to the position of a man who 
imagines that because he can tell the time by looking at 
his watch he is competent to undertake the management 
of a chronometer factory. Unless the Board is entirely 
reconstituted the opportunity of establishing a great dye 
industry in this country will be lost for ever. 

To ask the public to subscribe £1, 000, 000 for the pur- 
pose of running a concern which ss to be mismanaged In 
the manner indicated is hopelessly ridiculous. Moreover, 
in view of the persistent refusal of the Government 
effectively to protect British Dyes, Limited, against Ger- 
man “dumping” after the war, who but a fool would put 
his money into a concern which, for this reason alone, is 
doomed to utter failure ? 

In the limited time at my disposal I cannot hope to do 
more than to open the discussion in a general way, and I 
do not wish to stand between the meeting and those who 
are more capable of dealing with the subject before us than 
I am. The questions involved are far too vast to admit 
of their being adequately dealt with in the course of an in- 
troductory speech, or on a single occasion, by an individual 
or by one meeting. In conclusion, I shall merely allude 
to the unscrupulous, and in fact grossly dishonest, German 
competition to which British chemical industry has been 
subjected, and to some few of the steps which in my view 
should be taken to prevent that competition in the future. 
At a recent meeting at the Society of Arts Sir William 
Ramsay pointed out that in trade as in war the Germans 
are untrustworthy, unscrupulous, and cruel, and in an 
article published in Nature in November last he summed 
up the course of action adopted by the Germans in the 
following words : — 

“First, in the organisation of a German chemical 
business, the management consists not in a board of well 
meaning elderly gentlemen with a works-manager in their 
employment, but in a board of specialists, whose business 
in life is to manage the factory financially, chemically, 
and as engineers, and who are very highly paid for their 
services. Second, these gentlemen and a special staff are 
continuously on the look-out for any scientific discovery or 
invention which can prove of advantage to their business. 
Third, a very large staff of men, trained in universities or 
technical schools, is turned on to the problem of making 
such a discovery commercial, whether by securing cheap 
raw material, cheapening the process of manufacture, or 
creating a public demand for the article to be manu- 
factured. Fourth, a legal staff is maintained, whose 
business it is to protect by patent all Improvements, how- 
ever apparently trivial, and to describe them so vaguely as 
to conceal them from their competitors ; these gentlemen 
in some cases have also to advise whether piracy is likely 
to be successful : whether it may not be possible by in- 
fringing a patent so to saddle an opponent with legal 
expenses as to break his competition. Fifth, such com- 
panies are so powerful that they can influence the central 
Government to protect all new developments, whether by 
Imposing duties on articles which might possibly compete, 
by extending bounties to exported products, or by securing 
advantages in freights to the coast and in shipping the 
goods abroad. Sixth, agencies are maintained all over the 
world whereby the article is introduced to the notice of 
foreign purchasers, and last, an extensive credit system is 
encouraged.” 

At the Society of Arts meeting Sir William Ramsay 
went on to say 


“ German competition is thoroughly oganised and sys- 
tematic ; their plan has been to attack some material 
manufactured here, and, by one of the means alluded to, 
to render its manufacture unprofitable. Having obtained 
a monopoly, prices are raised. That is a not unusual 
method of commercial warfare, but it is only in Germany 
that all the resources of the State combine to render it 
easy. How are such tactics to be met? Fust of all, 
there must be co-operation and trust among our chemical 
manufacturers. They have to be taught to fight, not each 
for his own hand, but against a common enemy. Smaller 
works, which have not funds to maintain an expensive 
research staff, must combine to obtain efficient labora- 
tories ; the products of one works must supplement those 
of another, and the manufacturers must be organised. 
Second, competition which is unfavourable, owing to fiscal 
regulations or patent laws, must be combated by the action 
of the State, after advice and careful consideration, so 
that our manufactures and trades may not be unfairly 
attacked by duties, by export bounties, or by easy freights. 
We are now fighting for our life, and, as has happened 
during the present crisis, politics must go to the wall under 
the pressure of events. All parties m the State should and 
must work together for the common good. Unless that is 
our spirit, ruin will inevitably and deservedly overtake us.” 

In a recent article by Mr. Wilberforce Green {Joum. 
Ghent . Tech., ii., 54) it is pointed out that— “ It seems to 
have become a fixed belief with a certain type of British 
manufacturer that it is best to employ a German chemist, 
or to retain the services of a German technical adviser. 
In the mere trader's eyes such a man has the paramount 
virtue of usually being « cheap’, but things are very rarely 
obtained for less than they are worth, and the German 
chemist is often dear at the price. The myth of the 
German ‘ superman ’ has been completely exploded 
during the last few months, and the much-vaunted Teuton 
has appeared before the world in his real character. He 
is not, as has been so foolishly believed by many of our 
countrymen, the intellectual, moral, or physical superior 
of the despised Englishman. He is very far from being 
the equal of the latter, nor is he in any way technically 
sounder. His employment in British concerns commends 
itself neither to patriotism nor to common sense. With 
the mere huckster, however, cheapness is more than 
patriotism, and common sense is blinded by illusive visions 
of profit. So far as English technical chemistry is con- 
cerned, the explanation of the presence of Germans in 
controlling positions is directly due to the want of profes- 
sional co-operation in the chemical profession. English 
chemists have not enforced the recognition of the value of 
their work to the community ; they have not attempted to 
put their profession on the same footing as the other 
learned professions ; they have not made it understood — 
in fact they do not themselves appear to have appreciated 
—that in manufacturing industries everything is based on 
science, and that whoever is in a position to control the 
practical applications of that science is he who is really 
controlling the industry. If we are to advance the scien- 
tific chemist must take his proper place. As Sir William 
Tilden has recently said, ‘The operations in which 
materials are to be employed in producing and controlling 
chemical reactions which lead to the chemical product 
belong to the chemist, and here he ought to be supreme .’ 
Unless the English chemist takes his own part he will con- 
tinue to be undercut by the foreigner. Once the chemical 
profession is organised on a rational and national basis, 
however, the alien interloper could be automatically ex- 
cluded. Without proper organisation that most desirable 
end will never be attained. At present we find Germans 
exercising an extensive and dangerous influence in the 
management of bodies that claim to govern professional 
affairs and professional conduct, or who are mixed up with 
the interests of British industrial chemistry. We say 
emphatically that, excepting in a very few special cases, 
all Germans, whether naturalised or not, should be ex- 
pelled from those professional or semi-professional socie* 
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ties. These people are Ihe fellow-countrymen of those 
who are responsible for the bestial excesses that have 
characterised the influx of the German hordes into Bel- 
gium and France. Unless the contrary be known and 
proved, they must be presumed to be intellectually and 
morally on the same level as the ‘ cultured ’ professors 
who have so warmly expressed their natural admiration 
for murder, rape, robbery, and incendiarism. We cannot 
conceive how any self-respecting bodies of men can now 
continue to tolerate the company of the many Germans 
who at the best can only be regarded as suspects, and who 
form a not inconsiderable proportion of their membership. 
Still less can we understand the reception of such people 
on terms of equality by granting them membership or 
fellowship. It may be said that some of them are 
* naturalised. 1 or have lived in the country for a long 
time. This is, in fact, the plea often put forward 
by Germans arraigned on criminal charges at our police- 
courts. But it is very plain that naturalisation means 
nothing to a typical German. It is on all fours with a 
charm written on k a scrap of paper. 1 Naturalisation does 
not necessarily convert a typical Hun into a decent person, 
or make him a trustworthy member of society. A man 
may have a f enchant for keeping skunks as pets, but a 
\erbal or written statement from him that the skunk is a 
pleasant and well-mannered beast would not inspire a 
second party with confidence if the first-named proposed 
*o introduce skunks into his drawing-room, for the skunk 
vould behave as its nature prompted it. 

“Many of the societies and associations are presumably 
concerned directly or indirectly with the development and 
progress of British technical chemistry, and yet they have 
on their registers names which indicate that their 
possessors have had the priceless advantages of Teutonic 
origin and 4 culture. 1 Such men are not interested in the 
development of British commercial enterprises apart from 
purely personal success ; still less are they concerned with 
the building up of the British chemical profession. A 
profession demands a high standard of conduct, both indi- 
vidual and corporate, and to Buppose that the countrymen 
of the moral abortions whose acts have disgusted the 
civilised world have necessarily changed their nature with 
their country is absurd. These outcasts in our midst are 
largely responsible for the lack of co-operation in the 
chemical profession. True professional unity is impossible 
under such conditions. 

“ It is not merely a question of scientific ability and 
technical skill. Many an expert thief is a good craftsman, 
but one wonld not knowingly employ such a person to 
carry out repairs in one’s house. Something more is 
demanded of men than mere skill m material matters. It 
is the ethical outlook that really counts in the long run. 
If we find a profession harbouring and countenancing 
persons who, by race, temperament, and education are 
unfitted to occupy any positions of trust, then the position 
of that profession i9 obviously imperilled. 

“ After the welfare of his country a man regards his 
profession as of the next importance. He thinks so 
presumably because his education enables him to appre- 
ciate the close relation that exists between the right 
conduct and development of his profession and national 
honour and security. We are all trustees for the future, 
but it seems that professional men have a heavier share of 
responsibility in this respect than others. They cannot 
regard their profession as detached from and independent 
of national needs and aspirations, but an alien of the 
character described can have no higher views of the 
profession into which he has contrived to enter than as a 
means of enabling him to turn the products of his brains 
into cash as expeditiously and extensively as possible. 11 
' As President of this Institution and as a professional 
chemist with an experience extending over nearly forty 
years, I thoroughly agree with and endorse the statements 
which I have quoted. I go even further, and I say that 
now and after the war it should he made a criminal offence 
to give employment of any kind to a German in this 


country. We have been told to think scientifically by a 
gentleman whose spiritual home is in Germany— whose 
physical home should, in my opinion also be there— and 
who has demonstrated his own apparently hopeless in- 
capacity to do the scientific thinking which he recommends. 
Despite the source of the advice, let us endeavour to think 
scientifically and to act scientifically in regard to this great 
question, and 1 appeal to my professional brethren and to 
the public at large to support the Institution in the 
campaign which it has initiated. (Cheers.) 

Mr, William Thomson, F.I.C., F.R.S.E., Vice- 
President (Director of the Royal Institution Laboratory, 
Manchester)— Mr. President and Gentlemen, this subject — 
how the British dye industry is to be carried on after the 
war— is one which will require very careful consideration 
as to what the British Government will do in the future. 
It is perhaps impossible to say what is the best method of 
procedure, but I think one thing we can say is that the 
method the Government have thought best to adopt fe not 
the right one. Business men believe that they need some 
guarantee from the Government that they will not lose the 
money they expend through unfair German competition 
after the war. There are various methods of dealing with 
the matter. One is to give protection. That opens a very 
big political question as to how far you can protect the 
dye industry and not protect a great many more industries. 
This method will therefore probably fail. There is another 
means which maybe considered, and that is to adopt some 
modification of the principle which the Germans them- 
selves have already adopted, the policy of force, the policy 
advocated by their favourite philosophers, Nietzsche, 
Treitschke, and Bernhardi. Why should the Allies not 
treat Germany as she has treated Belgium ? Compel her 
to pay an indemnity of, say, eleven thousand millions of 
money during a number of years and take her industries 
from her and use them against her for our own benefit till 
the indemnity is liquidated ; that is what she would do 
with our industries if she had the chance. 

Mr. C. R. Darling, A.R.C.S.I., F.I.C. (Finsbury 
Technical College). — Mr. President, the remarks I might 
make would only be from an educatnnal standpoint — that 
is, to give my impression how our educational system is 
likely to work. It seems to me that we have made, in 
the past, too great a distinction between “ pure 11 chemistry 
and applied chemistry, which we ought to call, I suppose, 
“impure. 11 A number of those who have devoted them- 
selves to pure chemistry look on industrial chemistry as 
beneath them. I think that is one of the reasons why we 
lag behind in our chemical industry. It is not realised 
that research for industrial purposes ought to get the same 
scientific recognition as pure theory. We have to get rid 
of intellectual snobbishness, and to regard research of 
any description as being equally vital. That, I think, is 
one reason why we have failed to keep pace with Germany 
in this respect. I cannot say that X associate myself with 
the policy advocated from the platform. I have been one 
of those who hold that science ought to have no national 
boundaries. I do not think we are going to gain by 
copying the brutality of our opponents. Let us march 
ahead and do whatever we do in a gentlemanly way, for 
that is the best procedure. There is one other aspect of 
this question and that is this;— the teaching of our 
colleges ; how far does It go in providing manufacturing 
chemists with the men they require ? My own experience 
is that the methods of colleges in general require a good 
deal of amendment. The courses are, in the main, of a 
theoretical nature and are devoted to the obtaining of a 
degree. The student does not care what he learns so long 
as he gets a degree, and the examinations for these degrees 
are conducted on theoretical lines. The result is that all 
the teaching of the colleges has a theoretical bias and the 
student is of little or no use to the technologist. It 
would he difficult for us— indeed not possible— to make 
a man a trained technologist. I submit our educational 
institutions could cause several improvements to be made 
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to make a man at least useful as a technologist. There 
is another improvement to be effected and which must 
come from the manufacturing side. I do not think there 
is a more distressing sight than the average works chemist 
in this country. (Hear, hear.) My professional duty 
takes me to many establishments and I have been ashamed 
at the way the works chemists are treated. They are, 
many of them, kept in a corner and any improvements 
they want to make are stifled at once because it entails 
expenditure. The directors never object to buying a new 
engine ; they never seem to object to the expenditure of 
;£iooo, but if the works chemist suggests £20 the 
directors refuse to pass it. I have been disgusted with 
the stupidity of those in charge. I do not know how 
other establishments are conducted, but I know that in 
some cases failure is due to the fact that instead of 
appointing the scientific side to control the business a lot 
of lucrative positions are held by the sons of directors 
who know very little about chemistry. If we are to com- 
pete in future with Germany what we have to do is to 
commence by first of all educating the manufacturers as 
to the value of chemical knowledge and research, and to 
give them proper students from the colleges, and then for 
them to treat those students properly and to give them a 
chance. And I do not see why, in the future, our chemical 
industry should not then hold its own. (Cheers.) 

(To be continued ) 
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Molecular Association . By W. E. S. Turner, D.Sc. 
(London), M.Sc. (Birmingham). London, New York, 
Bombay, Calcutta, and Madras: Longmans, Green, 
and Co. 1915. 

The account given in this book of the experimental data 
relating to molecular association which have been accumu- 
lated and the theoretical explanations advanced is parti- 
cularly clearly worded, and the book is an important 
addition to the literature of physical chemistry. The 
methods which have been employed in the study of the 
subject are excellently described, and the phenomena of 
the molecular complexity of dissolved substances are fully 
treated. A short general review of complexity in the 
liquid state contains an unprejudiced criticism of the 
methods which have been used in investigating this subject 
and the deductions made from the results obtained. The 
molecular complexity of water and the theory of dynamic 
allotropy are very fully treated, as well as the effects of 
association on physical properties. A lengthy appendix, 
which alone would make the monograph of great and 
permanent value for reference, gives the results of all 
experimental work on the molecular complexity of dissolved 
substances. 


A Manual of Oils, Resins, and Paints. By Harry Ingle, 
D Sc., Ph.D., F.I.C. Volume I., “ Analysis and Valua- 
tion. 1 ’ London : Charles Griffin and Co., Ltd. 1915. 
The opening chapter of this book gives a much condensed 
account of the chemistry of the oils the utility of which 
must be regarded as somewhat doubtful. The later and 
more practical parts of the book will, however, be found 
quite sufficient for their purpose, that of providing the 
analytical chemist with reliable information relating to the 
analysis of oils, chiefly for technical purposes. Methods 
of applying physical and chemical tests are briefly but 
clearly described, and concise accounts are given of the 
systematic examination of oils, fats, and waxes, and tbeir 
estimation in such substances as seeds, oil cakes, &c. 
The technological examination of various products, e.g ., 
varnishes, paints, soaps, linoleum, &c., is treated fairly 
fully, and many useful tables of oil constants are given. 


w. j. sea. 

Dye-stuffs and Coal-tar Products . By Thomas Bbacall, 
B.A, (Cambridge), F. Challenger, Ph.D., B.Sc., 
Geofprey Martin, Ph.D., M Sc., B.Sc., and Henry 
J. S. Sand, D.Sc., Ph.D. London : Crosby Lockwood 
and Son. 1915. 

This book is a reprint with some additions of parts of 
Volume I. of “ Industrial and Manufacturing Chemistry,” 
and deals with the manufacture of dyes, inks, sweetening 
products, drugs, and photographic chemicals. It appears 
at an opportune time, and students and chemists will 
welcome an English book on these substances, the manu- 
facture of which is engaging so much of the attention of 
the scientific and commercial world. Although the book 
gives only summaries of methods of preparation and cannot 
be regarded as an exhaustive treatise it will be found 
useful by reason of the full references it gives to patent 
and other literature, and every endeavour has been made 
to make the treatment as practical and the information as 
accurate and up-to-date as possible. Statistics relating to 
imports into the United Kingdom and the United States of 
the dyes, drugs, &c., are included. 


Oedema and Nephritis . By Martin H. Fischer. Second 
and Enlarged Edition. New York: John Wiley and 
Sons, Inc. London : Chapman and Hall, Ltd. X915. 
There is in this book necessarily a good deal of matter 
which deals with debateable views, and some of the 
author’s conclusions are at variance with those of some 
of the most eminent authorities. He displays no reluctance 
to state his opinions with great definiteness, and shows 
himself an adept in putting forward his arguments in the 
most cogent manner, which must be admired even by 
those who differ from him and who see much to criticise 
in his deductions. An admirable feature of the book is 
the abstract of the whole which serves as the introductory 
chapter. In this review is given, section by section, of the 
text, and it will be much appreciated by the busy reader. 
In the new edition the xesults of the lateBt experimental 
and clinical observations have been added, while the main 
argument remains unchanged. 


OBITUARY. 


Dr. W. J. SELL, F.R.S. 

William James Sell, M.A., Sc.D., University Lecturer 
and Senior Demonstrator in Chemistry at the University 
of Cambridge, died at Cambridge after a long illness on 
March 7, 1915. He was born at Cambridge in X847, and 
for more than fifty years was connected with the chemical 
laboratories there, and contributed in no small degree to 
their development and success* He was barely fifteen 
when, on the recommendation of the master of the 
elementary school which he attended, he was employed at 
the chemical laboratory of St. John’s College, at that time 
the only one in the University open to undergraduates. 
Here he learnt elementary analysis and the use of 
apparatus, beard the professor’s lectures, and saw his 
experiments. He made good use of his opportunities, and 
soon made himself an efficient assistant. In 1865, when 
the Jacksonian Professor of Natural Philosophy removed 
his apparatus into a new building, the room vacated by 
him was united with that of the Professor of Chemistry 
and a room built above them for a student’s laboratory ; 
the first step taken by the University, in its corporate 
capacity as distinct from the Colleges, to provide experi- 
mental training for its students. Here Sell was appointed 
attendant, and had charge of the apparatus, and not only 
assisted the professor in the experiments at his lectures, 
which at that time embraced physics as well as chemistry 
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proper, but was much in demand to help students whose 
notions of making experiments were often crude. The 
laboratory was a poor place at best in comparison with 
modern laboratories, but it grew and became filled with 
students, to which result Sell s help contributed not a 
little. In 1870 he married, and soon after entered Christ's 
College and matriculated in the University. He had 
acquired a good knowledge of chemistry and of some 
other branches of natural science, and knew a little of 
modern languages, but no degree could be obtained at 
Cambridge without some acquaintance with Latin and 
Greek, and he had not learnt either. It was a formidable 
task to begin now, but he faced it with his usual quiet 
determination, studying Latin and Greek at all times when 
his duties at the laboratory permitted, passed the examina- 
tion in both languages, and was then able to take the Natural 
Sciences Tripos for his B.A. degree. In this he obtained 
a first-class in honours, for chemistry, in 1876. This success 
brought him private pupils, and therewith an increased 
income, very necessary for him because University posts 
were all meagrely paid ; at the same time he took a 
Demonstratorship instead of remaining assistant to the 
professor. A short time afterwards he succeeded to the 
place of Principal Demonstrator. Although his position 
in the University, thenceforward to the end of his life, was 
that of a Demonstrator, it must not be supposed that his 
public teaching was confined to what is usually known as 
demonstrating, which is mainly done by the junior 
members of the staff. On the contrary, inasmuch as 
chemical science was constantly expanding and learners 
increasingin number, the lectures had to be more specialised 
and the classes subdivided. The University had not the 
means to multiply the professors, and so the staff of the 
laboratory had to meet the demand for more instruction as 
best they could amongst themselves. In this Sell was 
most serviceable. He shirked nothing so that the teaching 
might, so far as lay in his power, keep pace with the 
growth of knowledge, and for many years was in reality an 
effective professor, though in name only demonstrator. 
He was never what is called a brilliant lecturer, but was a 
sound teacher, who gained the confidence of his hearers, 
and attracted them by his painstaking sincerity and 
willingness to help anyone in difficulty. 

He had been elected a Fellow of the Royal Society of 
London in 1900, and took the degree of Sc.D. at Cam- 
bridge in 1906. A attempt was made to get him promoted 
to the rank of Reader in Chemistry. The University has 
full power to do that, and there were similar applications 
in connection with other branches of learning, and Seirs 
friends thought that his distinction as a chemist, and bis 
long and faithful devotion to the service of the University, 
gave him a claim to promotion at tbat time before any 
other aspirant to the same rank. The appointment of 
readers, however, does not rest with the University at 
large, but with a Board composed of representatives of the 
various departments of knowledge, literary as well as 
scientific ; in fact, with a body of specialists chosen as 
such. As always happens in such cases, every member 
of the Board thinks that his foremost duty is to see that 
his own particular subject of study gets its share of money 
ar.d places, and magnifies it accordingly, so that the Board 
hardly ever pulls together for the general advantage, still 
less to do justice to an individual. No readership was 
created at that time, and all the recognition Sell got was 
his appointment to a University lectureship with a stipend 
of £50 a year. 

In his younger days, when it was as much as he could 
do to maintain his family, he could hardly spare time for 
original investigations ; but later, when the laboratory was 
grown up and needed less nursing, he was able to show 
that he had the capacity for successful research and the 
will to advance knowledge himself, quite as much as to 
put others in the way of doing it. He will be best known 
by his work on pyridine derivatives, to which he was led 
by previous studies of citrazinic acid. These were the 
subjects of a large number of communications to the 


Chemical Society from 1892 onwards. In some of these 

Iff . ■ h £ w , a l assi8ted by one or other of the advanced 
students m the laboratory, while in other cases he worked 
8 V.„ VV '^out going into details it may be mentioned 
Pyr i d t ,ne he obtained eight distinct cbloro 
derivatives, and from pyridine hydrochloride, in addition, 
.remarkable dipyridyl compounds. Moreover, he did 
not fail to demonstrate the chemical constitution of most 
of the new compounds he discovered. Other subjects of 
taininl 1 ' n . vestl e ated by him were the salts of a base con- 
taining chromium and nrea, and colloid solutions of 
phosphates. All he did bore the stamp of careful 
accuracy, and he impressed on his pupils the necessity 
for sparing no pains to ensure this, if any real advance of 

knowledge were to be made. 

him?,*! 8 / 0 unassuming that only those who had known 
him long found how much was hidden under that modest 
behaviour. It really meant that he wished always to do 
r 'i ht ’ whet , h « convenient or inconvenient, and 
to believe other people to be as good as himself. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

N °«^ 1 iS egt “ S 0t ‘ em P eritnre "• cemigr.de unhu otherwise 

Comptes Rendus Hebdomadaires des Semues de V Academic 
des Sciences. Vol. clx., No. 9, March 1. igx 5 . 
Cateiytic Reduction of Indigo.— Andre Biochet.— 
indigo can readily be reduced by hydrogen in Dresence of 
actwe nickel. The indigo, either dry o?“n the tern ofl 
"? r ater contalni "g a 1'ttle caustic 
hvm. ac ‘ lv .f u ,ckel * kept away from contact with air 
V ?** ns of boiled water, is added. When this mixture is 
shaken in an atmosphere of hydrogen the indigo is con- 
whlte ~u‘ S °’ *bich gives the nsual yellowish 
peen solution. The action takes place at the ordinary 
temperature, and becomes very rapid at 6o° to 8o°. It 
takes place in a neutral medium, although more slowly. 
The nickel retains its activity for a very long time. 7 

No, 10, March 8, 19x5. 

Em£ a <£m?J n ° xidat i°V f A lkaline Sulphites— 
hmile Saillard.— The author has made a study ot catalysis 

inln h ffit« ga ^ ind i US ^ y ’- es P ec, >“y wth reference to alkaline 
phites, dissolved m the juice or sugar syrups. Some 
catalysts retard and others accelerate the^xffiation of 

factories sulphitation is carried out with gases from 
1,n J e furnaces simultaneously. Ae sulphite 
and carbonate of calcium formed induce the transformation 
of sulphites into sulphates. In the same wav if inic« 

Mkmm nl t pt - eci r‘ atable linle “* BU, P hited ^6 SUlphlte of 


MISCELLANEOUS. 

The Molecule of Carbon— F. V. Della-Croce— The 

SZSZlTT" com . pound is never lower than that 
than fh* shtuent gases, since the volume is never greater 
nhta.*nA$ voames of the constituent gasesfand is 

adding together the products of density of each 
gas by its volume, and dividing by a. Thus the 7 density 
MNH, i,2’SS.«l±S2S. 0 . :iM6 . 
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case of CO, since the densities of the compound gas and 
of oxygen are known, we can obtain an equation for the 

density of carbon vapour ; i.e., — -f. M 0*9670, 

2 2 

where # » density of carbon vapour. This gives 
x ■= 0*8287, and the calculated and observed densities of 
other compounds of carbon agree very well when this 
value of the density of carbon vapour is employed. The 
molecular weight of carbon vapour would then be 
0*8287 x 28*818, and this gives 2 for the atomicity of the 
carbon molecule. The atomic weight of an element 
having a diatomic molecule is the same as its density in 
the gaseous state, referred to that of hydrogen. The cal- 
culated atomic weight of carbon is then 11*92, which 
agrees very well with the value obtained by chemical 
methods .— Monitenr Scientifique % No. 878, February, 1915, 
p. 25. 

The British Empire Industrial League.— It is a 
remarkable fact that in London, the greatest business City 
in the world, there exists no commercial club of national 
or imperial scope. The lack of such an institution in the 
metropolis is a great inconvenience to the manufacturers, 
merchants, shippers, and business men of the British Isles, 
and is, above all, keenly felt by commercial visitors from 
our colonies and foreigri buyers visiting London for 
business purposes. The Council of the British Empire 
Industrial League have given serious consideration to this 
matter, and are making arrangements to found in London 
the British Empire Commercial Club, on such a basis as 
will supply metropolitan, national, and imperial require- 
ments. Such a business club, properly conducted, should 
be a very great benefit to British industry, commerce, and 
trade, ana the enterprise, as a matter of couise, should 
receive the hearty and generous support of our manu- 
facturers, exporters, and wholesale and retail merchants— 
in fact, of all our leading men connected with business. 
The Lord Mayor of London (Sir Charles Johnston) and 
the Lord Mayor of Leeds (Mr. J ames E. Bedford) have 
become Honorary Vice-Presidents of the British Empire 
Industrial League. 

Society of Public Analysts and other Analytical 
Chemists.— A joint meeting of the Society and the Bio. 
chemical Society will be held on Wednesday, May 5th, a t 
the Chemical Society's Rooms, Burlington House, Picca 
dilly, W., at 8 p.m. The meeting is to be devoted to a 
discussion of “ Methods adopted in the Estimation of the 
Nitrogenous Constituents of Extracts derived from Albu- 
minous Substances, such as Meat Extracts and similar 
products, with special reference to the interpretation of the 
results." Sir William Crookes, O.M., P.R.S., and Prof. 
Raphael Meldola, F.R.S., will be balloted for as honorary 
members, and there are four candidates for ordinary mem- 
bership of the Society. It is suggested that members of 
the two Societies should dine together before the meeting 
at the Hotel Previtali, Arundell Street, Piccadilly Circus, 
at 6.15 o'clock. The Honorary Secretaries will be obliged 
if members who propose attending the dinner will notify 
Mr. E. Richards Bolton, 46, Stamford Brook Road, W., 
as soon as possible, in order that arrangements may be 
made. 

The " Van *t Hoff Fund.”— In agreement with the 
regulations|of the "Van ’t Hoff Fund,” founded on June 28, 
1913, persons interested are informed herewith of the fol- 
lowing particulars The foundation, whose residence is 
Amsterdam, and of which the supervision is vested in the 
Royal Academy of Sciences there, is appropriated to give 
from the rents of the fund every year, before March 1st, 
endowments to investigators in the field of pure and applied 
chemistry who will have applied for such an endowment 
before November xst preceding the above-mentioned date 
to the Committee charged with considering the applica- 
tions and awarding the grants. Momentarily this Com- 
mittee is constituted as follows:— A. F. Holleman 
(President), S. Hoogewerff, A. Smits, F. M. Jaeger 
(Secretary). If desirable this Committee may appoint 


still other members, for one year only, to co-operate in 
judging of the applications made. The names of persons 
to whom a grant is allowed will be published. The 
grantees are requested to send to the Committee some 
copies of the papers relating to the results of their work, 
but for the rest they are at liberty to choose the manner 
of publication as well as the journal in which they like to 
publish their results, if only they mention the fact that the 
research was made with an endowment from the “ Van ’ t 
Hoff Fund.” The amount available over 1916 is about 
;£io8 (520 dols.). Applications should be sent, regis- 
tered by post, to Het Bestuur der Kloninklyke Akademie 
van Wetenschappen, bestemd voor de Commissie van het 
"Van ’t Hoff-Fonds,” Trippenhuis, Kloveniersburgwal, te 
Amsterdam, with a detailed account of the proposed use 
of the grant and of the reasons on which the candidates 
ground their claim. An endowment was made in 1915 to 
Dr. D. E, Tsakalotos, in Athens (Greece), to an amount 
of 600 francs, for his investigations on the viscosity and 
magnetism of binary mixtures, which can deposit endo- 
thermic compounds. — In the name of the Committee of 
the "Van’t Hoff Fund,” A. F. Holleman (President), 
P. M. Jaeger (Secretary). — Amsterdam, April, 1915. 


MEETINGS FOR THE WEEK. 


Monday , May 3rd.— Royal Institution, 5. Annual Meeting. 

— — Royal Society of Arts, 8. (Cantor Lecture). 

“Food-stuffa,” by David Sommerville, B.A., 
M.D. 

TuEbDAY, 4th.— Royal Institution, 3 “The Animal Spirits,” by Prof. 
C. S. Sherrington, F.R.S. 

Royal Society of Arts, 4.30, M The Empire’s Resources 

in Paper-making Materials,” by S. C. Phillips. 

Wednesday, 5th.— Royal Society of Arts, 8. •» Measurement of 

the Efficiency of Domestic Files, and on a 
Simple and Smokeless Grate,” by A. Vernon 
Harcourt, F.R.S. 

Society of Public Analysts, 8. Discussion of 

“Methods adopted in the Estimation of Nitro- 
genous Constituents of Extracts derived from 
Albuminous Substances, such as Meat Extracts 
and similar Products, with special reference to 
the Interpretation of the Results.” 

Thursday, Gth.— Royal Institution, 3. “Advances in General 
Physics,” by Dr. A. W, Porter, F.R.S. 

Royal Society of Arts, 4.30 “Constantin Meunier 

et les Sculpteurs Beiges de son Temps,” by Paul 
Lambotte. 

Royal Society. “ Some Problems illustrating the 

Forms of Nebulce,” by G. W. Walker. “ Obser- 
vations on the Resonance Radiation of Sodium 
Vapour,” by Hon. R. j. Strutt. “Local Differ- 
ences ot Pressure near an Obstacle In Oscillating 
Water,” by Hertha Ayrton. “Measurement of 
the Specific Heat of Steam at Atmospheric Pres- 
sure and 104*5° C.,” by J. H. Brinkworth. 
“Thermal Properties of Carbonic Acid at Low 
Temperatures,” by C. F. Jenkin and D. R. Fye. 

— - Chemical, 8.30. “Rotatory Dispersive Power of 

Organic Compounds— Part VI., Complex Rota- 
tory Dispersion in Ethyl Tartrate,” by T. M, 
Lowry and T, W. Dickson ; Part VII., “ Com* 
plex Rotatory Dispersion in Methyl Tartrate,” l»y 
T. M. Lowry and H. H. Abram. “Experiments 
on Supersaturated Solutions,” by M. Jones and 
and J. R. Partington. “ Sulphonyl and Carbonyl 
Derivatives of Alanine— Resolution of Externally 
Compensated ^-Toluencsulphouylalanine into its 
Optically Active Components,” “The Resolution 
ofExternallyCompensatedTetrahydro-/3-naphtho 
quinaldine Into its Optically Active Components,” 
and “The Non-resolution of rfI-Tetrahydro-0- 
naphthoquinaldine by meanB of 4-Oxymethylene- 
camphor,” by C, S. Gibson and J. L. Simonses, 
“ Syntheses with the Aid of Monochloromethyl 
Ether— Part III., The Action of Monochloro- 
methyl Ether on the Sodium Derivatives of Ethyl 
Ethane-o 0/3- tricarboxyl ate, Ethyl Butane-aoM- 
tetracarboxylate, and Ethyl Pentane-aayy-tetra- 
carboxylate.” by J. L. Simonsen. “ Nitration of 
3- Acetylammo-2-methoxy Toluene” and “Conden- 
sation of Ethylcyanoacetate and Acetyl Acetone,” 
by J. L. Simonsen and M. Nayak. 

Friday, yth,— Royal Institution, 9. "Electrons and Heat," by Prof. 

O. W. Richardson, F.R.S. 

Saturday, 8th.— Royal Institution, 3. “ Photo-Electricity (Experi- 
mental)," by Prof. J. A. Fleming, F.R.S, 
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THE SEPARATION OF THE ALKALINE EARTH 
METALS AND THE ALKALIS. 

B> ROBERT GILMOUR. 

The following scheme for the separation of the alkaline 
earth metals and alkalis has been found to give excellent 
results in practice, and can be recommended as a good 
working method. It is based on the fact that calcium 
potassium ferrocyanide is very sparingly soluble, whilst 
the corresponding strontium compound is easily soluble 
(Bottger, “ Qualitative Analyse ”). 

Group IV. 

Evaporate the filtrate from the iron group to complete 
dryness, and ignite to expel ammonium salts. Dissolve 
the residue in zo cc. of water with the addition of one or 
two drops of dilute HC 1 , if necessary, and filter from any 
carbonaceous matter. Heat to boiling. Add 5 cc. of 
NH4CI, 5 cc. of NH 4 OH, and 10 cc. of (N H 4 ) 2 C 0 3 . Keep 
near the boiling-point for a few minutes, filter, and wash 
the precipitate. 

Filtrate. — Group V. 

Precipitate . — Carbonates of Ba, Sr, and Ca. 

Dissolve in hot acetic acid, nsing not more than 3 to 4 cc. 
Neutralise with ammonia, and add an excess of z cc. of 
acetic acid. Dilute the solution to 15 to 20 cc., heat to 
boiling, and add K 2 Cr 0 4 solution until the liquid assumes 
an orange colour (10 cc. should be ample). Keep near 
the boiling-point for two or three minutes, and filter. 

Precipitate , Pi.- BaCr 0 4 . 

Wash with water, moisten with dilute HC 1 , and confirm 
Ba by flame coloration. 

Filtrate, Fj. 

Heat to boiling, and add (NH 4 ) a C 0 3 solution until 
the orange colour of the liquid changes to yellow. Then 
add an excess of 4 to 5 cc. Keep hot for a few minutes, 
filter, and wash. 

Filtrate , Fa.— Neglect. 

Precipitate , P 2 .— SrC 0 3 and CaC 0 3 . 

Dissolve in a small quantity of hot acetic acid, and 
make alkaling with ammonia. (The solution should now 
occupy not more than 4 to 5 cc.). 

Divide the solution into two parts, and test for Sr and 
Ca as follows ; — 

(i.). Add an equal volume of saturated CaS 0 4 solution, 
and boil for a few minutes. A white crystalline precipitate 
or turbidity indicates strontium . Filter, and confirm by 
flame coloration. 

(ii.). Add an equal volums of K 4 Fe(CN)6 solution, and 
boil. A white crystalline precipitate or turbidity appearing 
in a minute or two indicates calcium. 

(A saturated solution of K 4 Fe(CN)6 is advisable, but the 
ordinary bench solution gives satisfactory results in most 
cases). 

(Note,— Before proceeding with the separation of the 
metals of the group, the solution should be tested for Ba 
by adding K 2 Cr 0 4 to a very small portion). 

If Ba is present the analysis is carried out according to 
the scheme. , . • . , 

If Ba is absent the precipitate, if any, obtained with 
NH 4 0 H+(NH 4 ) 2 C 0 3 is treated in the same manner as 
precipitate P % in the above scheme. 

Group V.— Mg, Na, md K. 

Concentrate the filtrate from Group IV, to about 10 cc. 
Add 4 to 5 cc. of (NH 4 )aC 0 3 and 15 cc. of alcohol, and 
allow to stand for fifteen minutes. (Rub the interior of 
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the vessel with a glass rod to induce crystallisation, if 
necessary). 

Precipitate.— MgC 0 3 (NH 4 ) 3 C 0 } . 

Magnesium may be confirmed by dissolving the pre- 
cipitate in a few drops of dilute HC 1 , and adding 
(NH 4 ) 2 HPO,j. A white crystalline precipitate indicates 
magnesium. 

Filtrate.— Na and K. 

Identify in the usual manner. 

Chemistry Department, 

University of Edinburgh. 


STUDIES IN SILVER ENRICHMENT.* 
Tetranickel-Triarsenide, iis Capacity as Silver 
Precipitant. 

By CHASE PALMER. 

The precipitation of free silver by the interaction between 
many metallic minerals and dilute silver sulphate solution 
has been described in detail by Palmer and Bastin 
in an introductory chapter of their studies in silver enrich- 
ment (Palmer, Chase, and Bastin, “ Metallic Minerals as 
Precipitants of Silver and Gold,” Economic Geology , 
1913, viii., 140). Noteworthy among silver precipitants 
is the nickel monarsenide, niccolite (NiAs). Quantitative 
experiments have shown that, coincident with the deposi- 
tion of silver, the substance niccolite is completely 
dissolved as nickel sulphate and arsenious acid, and that 
the proportions of the substances involved in the reaction 
may be expressed by the equation — 

2NiAs 4 5Ag 2 S0 4 + 3H 2 0 - 

2NiS 0 4 + As 2 0 3 + 3H 2 S0 4 + ioAg. 
Thus x grm. of niccolite is capable of precipitating 
4-02 grms. of metallic silver. 

Inasmuch as this property of niccolite may have a direct 
bearing on the origin of rich silver deposits such as are 
found in the Canadian cobalt district, where arsenides of 
cobalt and nickel abound, the study of the precipitation 
capacities of other arsenides and similar minerals has been 
undertaken to determine to what extent arsenides and 
antimonides in general share with niccolite the power to 
precipitate silver from silver salt solutions. Of the severa 
minerals that have been studied quantitatively with resped 
to their conduct towards silver solutions, one in particulat 
deserves special mention. It was obtained from a well 
known company of mineral dealers, and purported to be 
chloanthite (NiAs 2 ), from Mansfeld, Thuringen, Germany. 
The material is light grey with a tinge of red. Weighed 
quantities of the powdered mineral were digested in dilute 
silver sulphate solutions. As in the case of niccolite action 
began promptly, an abundant silver deposit was soon 
formed, and the solution became green. The results of 
the experiments recorded below show conclusively that the 
mineral cannot be chloanthite (NiAss) nor Rammelsbergite 
(NiA$ 2 ), which it closely resembles, but is a wholly 
different substance, which, according to the atomic pro- 
portions of its soluble constituents, may be called 
tetranickel-triarsenide (Ni 4 As 3 ). 

Experiment x. — Action of the Mineral with an 
Aqueous Solution containing a large Excess of Silver Sul- 
phate. — The finely powdered mineral (0*363 grm.) was 
digested over night in about 750 cc. of a solution contain- 
ing 3 *8 grms. silver sulphate. Silver soon began to deposit 
in beantiful white arborescent crystals. After twelve 
hours the small amount of dark residue, together with the 
abundant silver deposit, was filtered from the green solu- 
tion. The deposit contained 1*4089 grms. metallic silver. 
After its removal the residue yielded 


* Second communication in a series of geological and chemical 
cooperative studies by Bastin and Palmer. Published by permission 
of the Director of the U.S. Geological Survey. Reprinted from 
Economic Geology , i\., No. 7, 
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0*0093 g 1 * Bi a s 3 = Bi 2*55 per cent. 
0*0111 gr. BaS0 4 « S 0*42 pet cent. 
0*0008 gr. Fe a 0 3 «■ Fe 0*15 per cent. 
0*0034 g r * gangue «* 0*93 per cent. 

and from the solution were obtained 

0*1726 gr. Ni - Ni 47*55 per cent. 
0*0045 gr. Co « Co 1*24 per cent. 
0*2809 gr. A a S 3 As 47*05 per cent. 

99*89 per cent. 


Atomic proportions of the dissolved constituents : — 


47' 55 -5- 58'7 
1*24 4- 59*0 
47*05 + 75*o 


0-0210 } 0-8311 Ni(C0) 
0*6273 As 


and 0*8311 : 0*6273 « 3*98 13 = Ni 4 As 3 . 

These results show that the substance dissolved by the 
silver sulphate solution constitutes 95*84 per cent, of the 
material under examination, and that the empirical 
formula* N4AS3, represents the atomic proportions of the 
constituents of the dissolved mineral. 

Ratio of precipitated silver and the mineral (Ni 4 As 3 ). 
0*363 grm. material contains 0*352 grm. Ni 4 As 3 (mol. wt. 
4598). 

Percentage. 

388*12 4- 107*9 » 3*5970 Ag, 

95*84 4- 459*8 - 0*2084 N4AS3, 


and 3*5970 : 2084 » 17 : 1. 

Thus tetramckel triarsenide precipitates silver in the 
proportion of 1 molecule to 17 atoms of silver. In other 
words, 1 grm. of this nickel arsenide has the capacity of 
depositing 3*99 grms. of metallic silver. 

Experiment a . — Action oj the Mineral with an Aqueous 
Solution containing 1 a Deficiency of Silver Sulphate *— The 
possibility that the material dissolved by silver sulphate 
solution might be a mixture of normal nickel arsenide 
(N13AS2) and niccolite (NiAs) in molecular proportions was 
considered, and to obtain light on this question an experi- 
ment m fractional oxidation was tried. 

The powdered mineral (0*4006 grm.) was digested twelve 
hours in 500 cc. of a solution containing X'52 grms. silver 
sulphur sulpnate. In this time 1*045 grms. metallic silver 
— that is, 260*9 per cent of the weight of the material 
used — had been precipitated, and 0*2628 grm. — that is, 
65*6 per cent of the material was dissolved, the dissolved 
constituents being distributed as follows : — 


Ni(Co), 0*1334 grm. * 33*30 per cent. 
As, 0*1294 grm. » 32*30 per cent. 


0*2628 grm. = 65*60 per cent. 
Atomic proportions of the dissolved constituents : — 
Percentage. 

33*30 -5- 58*7 « 0*5683 Ni(Co), 

32*30 4- 75*0 » 0*4306 As, 

and 0*5683 : 0*4306 = 3*96 : 3. 

Ratio ot precipitated silver and dissolved mineral : — 


Nickelmineral,” Centralblatt fur Mineralogies Qeologie , 
und Patdontologie , April 15, 1913, p. 225) announced the 
discovery by W. Maucher of a new silver* white nickel 
arsenide, From the chemical analyses accompanying his 
description of the mineral, Grunling assigned to it the 
formula for normal nickel arsenide, NigAsg, and he named 
it ** maucherUe.” In February, 1914, T. L. Walker 
(“Temiskamite, a New Nickel Arsenide from Ontario,” 
Amer. Joum. Sci. t 4th ser., vol. xxxvii., p. 170) reported 
a new mineral received from the Cobalt district, Ontario. 
The description of the physical properties of Walker’s 
Ontario mineral closely corresponds to the description of 
the properties of Grunling's maucherite, but Walker 
interpreted the analytical results obtained from his mineral 
as indicative of tetranickel-triarsenide (Ni 4 As 3 ). In view 
of these two recent observations and of the writer’s con- 
clusions concerning the real chemical proportions of nickel 
and arsenic in the specimen which he received for cbloan- 
thite, but which by means of the silver sulphate solution 
was found to be tetranickel-triarsenide, it seemed desirable 
to make a comparative study of all three substances. In 
response to requests, Prof. Grunling and Prof. Walker 
generously contributed supplies of their minerals, so that 
this work could be done. 

Experiment 3 .—With Maucherite , Grunling's Mineral 
from Eisleben, Thuringen . — Silver-white grains of 
maucherite were carefully selected, finely ground, and the 
heavy material was separated from gangue by methylene 
iodide. The mineral (0*3992 grm.) was digested over night 
in 750 cc. of an aqueous solution containing 3*12 grms. 
silver sulphate. 1*5702 grms. silver was deposited, 
equivalent to 393*3 per cent of the weight of the material 
taken. 

The residue also yielded : — 0*05 per cent S, 

0*27 per cent Bi, 

0*04 per cent Fe, 

and from the solution were obtained : — 

0*81 per cent gangue, 
0*1942 grm. Ni m 48*80 per cent Ni, 

0*0052 grm. Co mm 1*32 per cent Co, 

0*3172 grm. As a S 3 - 48*50 per cent As. 


99*79 


The atomic ratios of the dissolved constituents are 


Percentage . 
48*80 4- 58*7 
1*32 4 - 59*0 
48*504-75*0 


0-0223 Co } “ 08338 Ni(Co) 
0*6467 As 


98*62 

and 0*8536 : 0*6467 - 3*96 : 3. 

From these calculations it is evident that the nickel 
arsenide, called maucherite, constitutes nearly 99 per cent 
of the material under examination, and has the empirical 
formula Ni 4 As 3 . 

Ratio of precipitated silver and Ni 4 As 3 — 


Percentage. 

260*9 4- 107*9 « 2*4179 Ag, 

65 6 4- 459 8 « 0*1431 N^Ass, 


Percentage. 

393*8 4- 107*9 - 3*645 Ag, 
98*62 4* 459*8 «* 0*2144 N^Ass, 


and 2*4179 : 0*1431 =* 16 9 : 1. 

Thus, also, when the mineral is only partially oxidised, 
fonrjuoms of nickel and three atoms of arsenic enter the 
soludxi together, and seventeen atoms of silver are de- 
posited. Additional evidence therefore is obtained that 
the soluble mineral is a definite substance and not a mix- 
ture of two substances. 

Prior to these observations, which were made in 
anuary, 1914, F. Grunling (“Maucherit, ein neues 


and 3*645 : 0*2144 = 17 : 1. 

Thus this nickel arsenide has the same capacity for pre- 
cipitating metallic silver as has the miscalled “ chloanthite 
which has already been reviewed. 

C. Friedrich’s analytical results of the chief constituents, 
as stated by Grunling in his description of the mineral, 
are Ni 49*51 per cent, Co 0*93 per cent, and As 45*66 per 
cent; total, 96*10 per cent, of which the atomic ratios 
are : — 
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49’SI +■ 587 . 
o 93 + 59 'O . 
45-66 75-0 ■ 


;°:^}o-8 59 i Ni(Co), 
o*6o8S As, 


and 0*8591 : 0*6088 « 4*23 : 3. 

It thus appears that Freidrich’s results conform to the 
formula Ni 4 As 3 about as closely as to the formula Ni 3 As a . 

Experiment 4. — With Walker's u Temiskamite ” from 
Elk Lake % Ontario . — The material was carefully selected, 
run through a 100-mesh sieve, and the powder separated 
as far as possible from gangue by methylene iodide. The 
weighed mineral was digested for two days with 600 cc. of 
a solution containing 2*33 grms. silver sulphate, 

0*4018 grm. mineral precipitated, 
x*4937 grms. free silver. 

From the residue were also obtained : — 


0*0065 Co * x*6i per cent Co, 

0*0161 grm. MgaAsaOy 1*94 per cent As, 
0*0255 BaS0 4 - 0*87 per cent S, 

0*0100 grm. B12S3 — 1*99 per cent Bi, 

Gangue 0*64 per cent. 

And from the solution were obtained:— 

o*iqi6 grm. Ni — 47*69 per cent Ni, 

0*0017 grm. Co *1 0*42 per cent Co, 

0*2951 g fm * As a S 3 - 44 65 per cent As. 

99*81 

Atomic ratios of the constituents found in the residue : — 


1*61 + 59 » 0*0273 Co » 1 ) 
i*94 + 75 » o 0259 As » 1 j* CoAsS, 
0*87 ~ 32 — 0*0271 S « 1 ) 

and of the dissolved constituents 


47*69 -5* 58*7 - 0*8124 
0*42 -f* 59*0 * o 0007 
44*65 * 75*o - 0*5953 


1 0*8131 Ni(Co), 
As, 


and 0*8131 4- 0*5953 — 4*11 : 3 ■» Ni 4 As 3 . 

This oxidation experiment shows, not only that the chief 
homogeneous substance in the Canadian product is 
tetranickel triarsenide, but also that a substance answering 
to cobaltite is present in appreciable amount. The 
bismuth appears to be in the metallic state. From all the 
analytical data obtained by this experiment the natural 
product may be considered to be a mixture consisting 
essentially of : — 


92*76 per cent tetranickel-tnarsenide (Ni 4 As 3 ), 
4*42 per cent cobaltite (CoAsS), 

1*99 per cent bismuth, 

0*64 per cent gangue. 


product is limited to arsenious acid, the proportional 
amounts of the substances participating in the reaction 
with silver sulphate solution may be expressed by the 
following equation : — 

2Ni 4 As 3 + i7Ag2S0 4 +9H2O » 

* 8NiS0 4 +3As a 0 3 -f gH a S0 4 + 34Ag 
A striking feature of all these experiments is the definite- 
ness of the reaction between tetranickel -triarsenide and 
silver sulphate solution, and it rercalls the reaction between 
silver sulphate solution and niccohte, which is of the same 
order of regularity. 

Since tetranickel -triarsenide was first observed as a new 
species by Maucher, it seems appropriate that Maucherite , 
the name given to it by Grinling, be retained. 


MaucheriU , from Mansfeld , Tkuringen . 

Properties . — Cleavage imperfect, fracture uneven, brittle, 
hardness 5, specific gravity 7*80, lustre metallic, colour 
white with red tarnish, streak black, not magnetic, 
opaque, fusibility 2. Soluble in strong nitric acid, with 
evolution of nitrous fumes. Closed tube, slight deposit of 
arsenious oxide. Open tube, abundant deposit of arsenious 
oxide. On charcoal, white arsenic coating. This de- 
scription of tetranickel-tnarsenide from Mansfeld applies 
equally well to Walker’s Canadian specimen and to 
Grinling’s maucher ite from Eisleben. Moreover, freshly 
polished surfaces of all three specimens, observed under 
the reflecting microscope by daylight, showed that a 
radiating fibrous structure is common to all, and that all 
have exactly the same silver-grey colour. For specific 
gravity determinations by the standard pyknometer 
method of the U.S. Geological Survey the writer is 
indebted to George Steiger. The determinations were 
made at 25 0 C. on the powdered materials as they were 
used for the experiments described in this paper. For 
comparison the tabulation is in descending order of 
maucherite content : — 


GrunHng’s Palmer's 
Mineral. Mineral. 

Per cent. Ni 4 As 3 98*62 95*84 

Specific gravity. . 7*81 7*80 


Walker’s 

Mineral. 

9276 

7*73 


Crystallography . 

Tetragonal . — The three specimens of maucherite used 
in these experiments are all of the massive variety, with 
nothing indicative of crystalline form. Very recently, 
however, A. Rosati ("Uber Maucher it und Placodm,** 
Zeit. Kryst. Min. t 1914, liii., 389) has reported the results 
of an exhaustive investigation of the crystallography of 
Grinling’s maucherite, his results being based largely on 
new material supplied by Maucher himself. According to 
Rosati maucherite is tetragonal, its usual form being in 
thin quadratic plates parallel to the base, with the other 
faces strongly striated. 


99*8x 

Ratio of the Canadian tetranickel-tnarsenide and pre- 
cipitated silver : — 

Percentage. 

371*7 * 107*9 - 3*4448 Ag, 

92*76 -5- 459*8 - 0*2017 N^As^ 

and 3*4448 : 0*2017 « 17*08 : 1 » i7Ag : Ni 4 As 3 . 

This experiment also shows that z grm. of tetranickel- 
triarsenide is capable of precipitating practically 4 grms, of 
metallic silver. 

The silver precipitation capacity of this Canadian pro* 
duct, like that of the miscalled chloanthiate from Mans* 
feld and of Grinling’s maucherite from Eisleben, depends 
on the amount of tetranickel-tnarsenide contained in it. 
Since in every instance one molecular weight of the nickel 
arsenide (Ni 4 As 3 ) is capable of precipitating silver in the 
weight proportion of 17 atoms, and since the oxidation 


Thuringian MaucheriU. 

In the Mansfeld mining district, Thuringen, not far 
from Eisleben, where Grinling’s maucherite was found, is 
the *' Sangerhauser Reviere ” {so called by Baumler), long 
famous for its rich oatput of nickel ores. In an extensive 
report on the nickel ores of that district in 1857 Baumler 
stated that the prevailing variety of niccolite at Sanger- 
hausen was faintly lustrous and bad a touch of grey 
(** Uber das Vorkommen von Nickelerzen im Mansfeld- 
schen Kupferschiefergebirge,” Zeit. Deutsch. geol. 
Gesellsch . , 1857, ix., 25). This paleness Baumler ascribed 
to chloanthite (N1AS2) and cobalcite (CoAsS), mechani- 
cally admixed with true niccolite (NiAs). Gtunow’s 
(Zeit. Deutsch . geol. Gesellsch 1857, ix., 40) analysis 
of the product does not conform to this view, which 
demands that the ratio of the percentage values of nickel 
and arsenic should be larger than it is in niccolite, whereas 
it is much smaller ; in fact, it is the ratio appertaining to 
tetranickel-tnarsenide (NtyAsj). 
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Composition of the Sangerhausen ore according to 1 
Grunow. 

Ni(Co ?), 48*4 pet cent. 

As, 487 per cent. 

S, 2*8 per cent. 

99*9 

In the light of our present knowledge of the occurrence 
of Grunling’s maucherite in the neighbouring mines at 
Eisleben, and Palmer's Mansfeld maucherite it is possible 
that the faintly lustrous nickel arsenide, considered by 
Baumler to be a variety of niccolite, was really tetranickel- 
triarsenide ; that is, maucherite, with mechanically admixed 
cobaltite or its nickel homologue, and that the pale ore 
examined by Grunow consisted essentially of 85*4 per cent 
maucherite (Ni 4 As 3 ) and 14*5 per cent cobaltite (CoAsS). 

Prom these considerations it may be suspected that 
tetranickel-triarsenide has formed a not inconsiderable 
part of the output of the Mansfeld mining district. 

In addition to the above described experiments with 
maucherite, quantitative oxidation experiments have been 
made likewise with several arsenical minerals, including 
niccolite (NiAs), smaltite (CoAs^, cobaltite (CoAsS), and 
arsenopyrite (FeAsS), and a few deductions from these 
experiments may be stated in a brief summary. 

Summary . 

x. The mineral, maucherite, tetranickel-triarsenide 
(Ni 4 Ab 3 ), containing the largest proportion of nickel of all 
nickel arsenides known, is a homogeneous substance. It 
appears to be rather widely distributed, for within one year 
it has been found on two continents. 

2. Silver sulphate solution is an efficient solvent of pure 
arsenides preparatory to analysis. 

3. In sulpharsenides, preferably called arsenosulphides, 
sulphur appears to functionate atomically with arsenic, the 
arsenosutphide group (AsS) being strongly resistant to the 
oxidising action of silver salt solutions. Sulphur, there- 
fore, may be regarded as a protector of arsenic against 
oxidation by silver salt solutions. 

4. In regions abounding in deposits of native silver 
associated with arsenical minerals the source of the silver 
should be attributed to the action of aisenides rather than 
of arsenosulphides, such as arsenopjrite (FeAsS), and 
cobalt arsenosulphide (CoAsS) ; that is, cobaltite on silver 
salt solutions. 

5. The silver precipitation capacity of a nickel or cobalt 
arsenide depends on the proportional amount of arsenic 
uncombined with sulphur ; that is, the arsenic of simple 
arsenides. 

The study of ore enrichment involves problems the solu- 
tion of which requires a knowledge of the chemical pro- 
perties of the homogeneous substances contained in many 
mineral mixtures, and there is much to be learned con- 
cerning the conduct of ore-forming minerals with metallic 
salt solutions which may come in contact with them. In 
future, if as much attention is paid to the chemical conduct 
of minerals as has been directed hitherto to their total 
content, and to the determination of their physical pro- 
perties, there is reason to believe that chemical mineralogy 
will become a more systematic and serviceable branch of 
mineralogical science than it is to-day. 


Institute of Metals Maj Lecture.— -Sir J. J. Thomson 
O.M.»D.Sc., F.R.S., will deliver this year's Institute of 
MetalS%(ay Lecture, his subject being “ The Passage of 
Electricity Through Metals." The lecture will be given 
at the Institution of Electrical Engineers on Wednesday, 
May 12, at 8.30 p.m. Visitors' tickets can be obtained on 
application to Mr. G. Shaw Scott, M. Sc., the Secretary of 
the Institute of Metals, Caxton House, Westminster, 
S,W. 


RECOVERY OF MOLYBDIC ACID.* 

By W. D. BROWN. 

On account of the rise in price of molybdic acid, an 
attempt was made in the Duquesne Laboratory laBt May 
to recover it from the filtrates from determinations of 
phosphorus. Various methods were tried before the present 
one was settled upon as giving the best recovery with the 
least work and expense. The method consists of the 
precipitation of the molybdic acid from the ferric nitrate 
solution with an excess of phosphate. At first the 
theoretical amount of phosphorus was added to the cold 
solution and but one-third the molybdic acid was recovered. 
At the present time five times the theoretical amount of 
phosphate is added to the boiling solution. 

It has been the practice in this laboratory to make 
the acid in | lb. lots of 85 per cent molybdic acid, making 
3500 cc. of solution and in agreement with the adopted 
method of the U.S. Steel Corporation. The filtrates 
from 3500 cc. of ammonium molybdic solution are heated 
to boiling and a solution containing 200 grins, commercial 
sodium phosphate added. The precipitate is allowed to 
settle and, after the solution is decanted, is transferred to 
a large-mouthed bottle. When sufficient yellow precipitate 
from several precipitations is obtained, it is washed by 
decantation, transferred to a dish, the water evaporated 
off, and the precipitate dried on a sand hath. 

According to the commonly accepted formula for the 
yellow precipitate, it contains 92 per cent Mo 0 3 , and 
2iogrms. would contain the same weight of acid as £lb. of 
85 per cent molybdic acid. Accordingly, for the precipita- 
tion of the molybdic acid solution, 210 grms. of yellow 
precipitate are weighed and 800 cc. water added, followed 
by 600 cc. ammonia. The solution is cooled and 35 grms. 
magnesium nitrate, dissolved in 100 cc. water, are added 
to precipitate all the phosphorus. After the solution has 
stood for some time it is filtered and the precipitate is 
washed with zoocc. water or dilute ammonia. The 
filtrate is added to xgoo cc. of x : x nitric acid, the total 
volume being 3500 cc., and containing the usual amount 
of ammonia and nitric acid. 

In this laboratory the recovery has been only about 
85 to 87 per cent. The cost of recovery of one pound of 
molybdic acid is about 10 cents : 7 cents for the sodium 
phosphate and 3 cents for the magnesium nitrgte, the 
ammonia being required in the ammonium molybdate 
solution. 


PHOTOSYNTHESIS IN ORGANIC CHEMISTRY. + 
Introduction and General Considerations. 

By E. TATERNO. 

(Continued from p. axo). 

The influence of light on etherification has not been 
systematically studied ; facts, however, are known where 
the etherification of an acid with an alcohol at a given 
temperature does not take place in the dark but does so 
in the light. Examples of it are the etherification ol 
cinnamic acid and of opianic acid, observed by Ciamician 
and Silber. 

The oxidation and reduction phenomena which light 
provokes or quickens have been largely studied, but it 
would be an almost hopeless task to write their history, 
since they are so mingled with the photographical studies, 
where numerous applications of them have been made. 

It we restrain ourselves to the purely chemical trans- 
formations, I have already said how Berthollet had 
interpreted the experiences of Rumford, admitting that the 
hydrogen of the organic substances (ether, turpentine, 

* Presented before the Pittsburg Section of the American Chemical 
Society, January 21, 1915. From the Journal 0/ Industrial and 
hnf'inee*%nf> Chenustry, vii , No. 3. 

+ From the Gasutta CJitmica Italian a, 1909-1914. 
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oils) acts as the reducing agent ; we saw, too, that since 
1725 the reduction of ferric chloride by ether had been 
observed. The reducing properties of the alcohols rendered 
more active by light have been utilised step by step in the 
development of chemistry ; in some acids too, as oxalic 
and formic acid, the same properties have been later found 
and studied, and of other substances, as aldehyde and 
hydroxylamine, the reducing power was acknowledged as 
soon as they were discovered. On the other side, the 
oxidation in the air of some substances under the action of 
light, which is generally accompanied by the formation of 
hydrogen peroxide (Richardson and Fortey, Trans . Ckem. 
SoC' t lix., 51 ; Ixv., 450; lxix. t 1349), has been the object 
of important studies, and it has been observed that mineral 
salts (especially uranium salts) have an influence on the 
velocity of the phenomenon (Fay, loc. cit . ; Bargellini and 
Mieli, Qazx . Chim * Ital . , 1907, xxxvii., 417). 

But besides the reductions of the metallic salts brought 
about by organic substances, and besides the corresponding 
oxidation of these substances by salts or by atmospheric 
oxygen, other and very important reactions have been 
studied, which take place under the action of solar rays, 
between two different organic substances, the one of which 
is reduced, the other oxidised ; in particular, the reducing 
action of alcohols on organic substances has been fully 
studied. 

The first who undertook studies in this direction was 
Klinger, who in the Sitsungsberichten der Bonn GeselL 
schaft fflr Natur und Heilkunde , in 1883 and in 1885, 
made known the results he had obtained by exposing to 
the light benzyl and phenanthraquinone together with 
alcohol, and showed that the alcohol is oxidised to 
aldehyde, while the phenanthraquinone gives the corre- 
sponding hydroquinone, and the benzyl gives a reduction 
product. These results were published in the Berichte of 
Berlin in t886 ( Bet xxix., 1864 and 1869). 

Almost at the same time as this last paper, Ciamician 
proved that quinone under the same conditions iB 
transformed into hydroquinone (R. Acc . Lined, Meeting 
of January 3, 1886 ; Gaxx . Chim . Ital xvi., 111 ; Ber 
xix., 551). Later on, Ciamician and Silber found that 
nitrobenzene is reduced to quinaldine ( Ber xix., 2899), 
and Klinger in a paper issued in the Liebig's Annalen 
(x888, ccxlix., 137) extended his experiments, giving 
them a much greater bearing ; showing that acetic aide- 
byde combines itself with phenanthraquinone, giving the 
monomethylphenanthraquinhydrone, thus performing, as 
he says, the first synthesis by means of light; similar 
reactions he got with isovaleric and benzoic aldehydes. 

A short time after, in 1890, CEchsner de Koninck and 
Derrien (Comptes Rendus , cxxx., 1768) observed that 
ketones too are reduced by alcohol, and made the experi- 
ment with benzophenone and acetophenone, as, indeed, 
Klinger himself had already done with a diketone (viz., 
benzyl). 

To our knowledge on the reducing action of alcohols on 
quinones and on ketones Ciamician and Silber brought 
from 1902 to 1906 a very valuable contribution ; they have 
proved that the transformation of quinone into hydro* 
quinone takes place with all the compounds with alcoholic 
groups, such as glycerol, erythritol, mannitol, dulcitol, 
glucose, and that other quinones, as thymoquinone, react 
in the same way. 

They have also proved that reduction of quinone to 
hydroquinone is also accomplished by some acids (formic, 
acetic, propionic), and by hydrocarbons (petroleum ether). 

The readiness with which alcohols give up their 
hydrogen to transform themselves into the corresponding 
aldehydes, which the action of direct light still more 
accentuates, manifests itself also by the effect of tempera- 
ture alone, and it will be enough to quote the method of 
Trillat for the preparation of formic aldehyde from methyl 
alcohol, and, above all, the important studies of Ipatiew. 
This chemist has proved that with common alcohol (at 
$oo° to 820°) and with butylic and allylic alcohol, the 
corresponding aldehydes are formed, and with isopropylic 


alcohol, acetone (Ber., 1901, xxxiv., 3579; xxxv., 1047, 
1057 ; xxxvi., 1990, 2003, 2614, 20x6, &c.). 

Ciamician and Silber, moreover, explaining the 
mechanism of the reaction between alcohol and benzo- 
phenone, as observed by CEchsner and Darrien, showed 
that the reaction proceeds in quite the same manner as 
the transformation of benzyl studied by Klinger, and 
benzopinacone is therefore formed, and by a similar reaction 
they^ obtained from benzoic aldehyde hydrobenzoin, from 
anisic aldehyde hydroanisoin, and from benzoin hydro- 
benzoin. 

But the work of Ciamician and Silber is not limited only 
to the detailed study of the reduction of quinones and 
ketones. They have obtained by the action of alcohol on 
nitrobenzene and on nitrotoluene, together with aniline 
and toluidine, quinaldine and methylquinaldinc, from 
isatine hydroisatine, from ailoxane alloxantine. 

The synthetical reactions obtained by means of light 
are, indeed, not very numerous. While we will give a more 
complete classification later on, a first class is that which 
comprehends the synthesis by polymerisation. Two note- 
worthy instances of it are the transformation of bromo- 
acetylene into tribromobenzene and of propiolic into 
trimesitic acid (Baeyer, Ber., xix., 2185). 

Klinger, as we have seen above, attributes to himself the 
first synthesis, but it is only formation of an ether, and not 
the direct linking of carbon to carbon. 

Other syntheses, whose type is that observed by Klinger 
in the transformation of benzit into benzoylbenzoin, and 
which are all parallel among themselves, are those of the 
transformation of quinones into qumhydrones, of ketones 
into pinakones, of aromatic aldehydes in hydrobenzoin, 
hydroanisoin, of ailoxane into alloxantine ; in all of which 
we have a reduction with a subsequent union of the 
reduced product, molecule to molecule, with the first one. 
But these reactions, which take place in a simple encash 
manner by the action of hydrogen, if they confirm the 
reducing power of the alcohols under the action of solar 
ray 8, present nothing new or particularly interesting from 
the point of view of synthesis in organic chemistry ; se 
that, excluding the syntheses by polymerisation above men- 
tioned, the first real synthesis by the action of light is, 
according to our opinion, that of indigo made by Engler 
and Dorant, in x8g5 (Ber., xxviii., 2497), from benzyliden- 
o-nitro-acetophenone : — 

aC 6 H 4 <^ a ^.CH:CH.C 6 H 5 - 

- C<sH 4 <^>C:C <^>C 6 H 4 + 2 C 7 H 6 0 2 . 

Other important syntheses are: -That of dehydrodi- 
vanillin from vanillin, where we pass from a benzene 
derivative to one of diphenyl (Ciamician and Silber, Gaxx. 
Chim . Ital 1902, i., 2x8), that of triphenylglycol by the 
addition of benzyl alcohol to benzophenone (Qazx. Chim. 
Ital ., 1904, ii., 129}, that of quinaldine and its homologues 
(i Gaxx . Chim . Ital., xgofi, ti M 172), and. lastly, those 
observed by Benrath (Phys. Chem . Centralblatt , xgofi, in.), 
of the products which are formed by condensing benzoic 
aldehyde with quinoline, quinaldine, and cinnamic acid, 
from the last of which dibenzoyldiphenylbutane is formed. 

C6H5.CO.CH2.CH.CeH5 

CeHj.CO.CHa.iH.CeHs ' 

(Note. — Stobbe refers to photosyntheses by Frankland 
and by Semow, but I have not been able to find their 
papers. Later addition. — Frankland's experiments (Attn, 
de Chim., 1851, lxxvii., r22) deal with the action of mercury 
on alkyliodides, those of Sernow (Bull.. 1902, [3], xxvii., 
14) with a similar behaviour of iodopropionic acid. 
Further, Duclaux states (Atm. de I'Inst. Nat . Agronom ., 
1884-85, 286) that on exposing calcium lactate and mercury 
nitrate to light butyric acid is formed). 

This, in a general way, is our knowledge about the 
action of light on organic substances and on the syntheses 
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which by its means it has been possible to realise. The 
greater part of the reactions that have been observed may 
be reduced to phenomena of reduction and of oxidation, 
which may be obtained by other means. 

Not only therefore does the actual state of studies not 
allow the illusion of believing that chemistry has already 
entered the way which will bring us to explain the 
wonderful syntheses which take place in living plants, but, 
on the contrary, it makes us feel that to the present time 
the chemists have not drawn from such a powerful agent 
as solar light is, all the utility which doubtless it will be 
able to afford. . . . , 

And since in the few instances, in which the trans- 
formations have been obtained with substances other than 
alcohols, the products of transformation have not been 
studied, nor has any knowledge been collected on the 
mechanism of the reactions, 1 have thought it might not be 
a useless task to undertake such a study. 

I shall now occupy myself only with the researches 
made together with Dr. G. Chieffi on the behaviour of 
hydrocarbons with benzophenone, with some aldehydes, 
and with some other oxygenated substances which easily 
take hydrogen from them. The principal facts that we 
have hitherto ascertained are the following • 

1. Amylene (trimethyletbylene) combines directly with 
ketones and with aromatic aldehydes, generating a series 
of compounds very important for both constitution and 

behaviour. _ . A , * . 

a. Paraffinic hydrocarbons are transformed into olefinic 
ones, which unite themselves with a part of the ketones to 
give compounds like the foregoing, or by direct combina- 
tion give tertiary alcohols. 

3. Aromatic hydrocarbons, according to the nature of 
the side-chain, react giving complex hydrocarbons, tertiary 
alcohols, and other substances. 

4. Various organic substances, compound ethers, oxides 
of alcoholic radicals, &c., react, losing some hydrogen and 
forming unsaturated compounds which are added to the 
ketone, or they give directly addition products. 

5. The products of addition of ketones with unsaturated 
hydrocarbons (aliphatic or aromatic), and with other 
unsaturated products derived from oxygenated substances 
have often the behaviour of resins or of natural balsams, 
having, nevertheless, a definite composition, molecular 
weight easily determinable, and a well ascertained chemical 
structure. 

These results, a9 we shall better see afterwards, are not 
without importance, and they open a new and a large way 
to still more important researches ; but unhappily, I say it 
again, it would be foolish to think that by them a decisive 
step is made towards the solution of the grest problem of 
the organic synthesis which is accomplished in plants. To 
obtain such an aim it will be necessary before anything 
else to determine exactly what an influence light really has 
in the complex series of phenomena on which depends 
the elaboration of the immediate principles in plants. 

Because, if it is proved that light is indispensable to the 
assimilation of carbon, it is also known that the decom- 
position of carbonic dioxide happens in the still living 
leaves, and on the other side it is known that m plants 
some principles are formed, and, among the others, all the 
colours of the flowers, for which if light is necessary, it is 
also an agent of alteration as soon as they are taken from 
the influence of vital functions, and other principles are 
formed which are, I should say, endowed with photophobic 
properties, because they collect and hide themselves in the 
parts less exposed to the light, or they impress on the 
plants themselves movements such that the least possible 
surface be exposed to the light. 

Besides, we must always bear in mind that the conditions 
under which all photosyntheses have till now been accom- 
plished, though distinguished from the other syntheses 
accomplished in the laboratories by the feature of the less 
elevated temperatures or because no recourse is had to 
gradual and successive processes in order to arrive at a 


determined result, yet have nothing in common with the 
conditions that obtain in plants. 

In plants all the reactions take place in the presence of 
water, while all the photosyntheses have been made without 
the intervention of this solvent. If in plants you take 
away the proteids, fats, oils, and carbohydrates, all the 
other substances that are elaborated are produced in a very 
small quantity in respect to the weight of the plant, and 
they are immediately eliminated or accumulated in deter- 
mined organs ; the greater part of the immediate principles 
of the plants represent, therefore, that which the secondary 
products represent in one of the common reactions of 
organic chemistry ; while in the photochemical reactions 
the compounds till now examined are the principal products 
of the reaction. 

In the plant too we have special conditions such as 
pressure, the action of the capillarity, the state, now of 
insolubility now of colloidal form, of the substances that 
react, the different permeability of the walls of the cells for 
the various products elaborated or in elaboration, the 
presence of numerous substances which act catalytically, 
and so on ; all conditions which evidently must influence 
in some way the course of the reactions and which we are 
far from having attempted to reproduce in our photo- 
synthesis. 

It is not therefore a sign of discouragement if we are 
obliged to conclude that no portion has yet been raised of 
the thick veil that wraps round in the deepest mystery the 
mechanism of the marvellous process by which from two 
seeds, often so like in appearance and in composition, put 
in the same conditions quite different plants are formed, 
and in whose organs with unchangeable intercourse the 
most precious nourishments, the sweetest odours, the most 
salutary remedies, or the most terrible poisons, the most 
disgusting or stinking substances are elaborated and 
accumulated ; for that does not signify that to the daring 
of human mind and to the patient work of the studious 
will be denied this triumph. 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , April 22, 1915. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows : - ^ 

“ Deep Water Waves, Progressive or Stationary, to the 
Third Order of Approximation By Lord Rayleigh, 
O.M., F.R.S. 

The principles of hydrodynamics are applied to form the 
equations of wave-motion to the third order of approxima- 
tion without restriction other than that the motion is irrota- 
tional and in two dimensions. The results are then applied 
to the progressive wave of permanent form, as investigated 
by Stokes, and to stationary waves. It appears that the 
form of the latter at the moment of greatest deviation 
from mean level is the same as that of the permanent pro- 
gressive wave, but that the periods of vibration corre- 
sponding to the same wave-length are different. 

“ Chemically Active Modification oj Nitrogen , produced 
hy the Electric Discharge .” (VI.). By the Hon. R. J. 
Strutt, F.R.S. 

“ Difference between the Magnetic Diurnal Variations on 
Ordinary and Quiet Days at Kew Observatory By Dr. 
C. Chrbe, F.R.S. 

The paper considers the difference between the diurnal 
variations of magnetic force at Kew Observatory on quiet 
days and ordinary days (*.*., all days with the exception 
of those of large disturbance). The data employed are 
from the eleven years 1890 to 1900. Taking mean data 
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for the whole year, the difference in the horizontal plane 
may be regarded as consisting, to a first approximation, of 
a harmonic oscillation of twenty-four hour period along a 
direction inclined 64° east of north and of a regularly pro- 
gressive non-cyclic change in a second direction which is 
perpendicular to the former. The result, while true of the 
days of the year as a whole, is only imperfectly exhibited 
in most individual months. 

"Ejects of Different Gases on the Electron Emission 
from Glowing Solids By F. Horton. 

An investigation has been made of the ionisation pro- 
duced by a glowing Nernst filament when used as a 
cathode in a discharge tube in the presence of various 
gases of different chemical affinities for the material of the 
filament. It has been found that the actual electron 
emission from the filament is independent of the nature of 
the surrounding gas, at least for the gases, air, nitrogen, 
oxygen, and hydrogen, for at low pressures the thermionic 
currents measured under similar conditions in these gases 
were practically the same. At higher pressures the 
thermionic currents differ considerably owing to the effect 
of ionisation by collisions being different in the different 
gases. The increase in the current due to ionisation by 
collisions in hydrogen is much greater than it is in air, 
oxygen, or nitrogen. 

The experiments were repeated with a Nernst filament 
covered with lime, and it was similarly found that the 
electron emission from lime under these conditions was not 
increased by hydrogen, although earlier experiments have 
shown that lime heated on platinum gives a much larger 
electron emission in hydrogen than it does in air. This 
appears to be caused by the hydrogen increasing the emission 
from the platinum, an effect which has been shown by 
H. A. Wilson to be due to the absorption of hydrogen by 
the metal. Lime and the oxideB of a Nernst filament do 
not absorb hydrogen, and the electron emission from these 
substances is therefore unaltered by the presence of 
this gas. 

That the electron emission from an oxide cathode is the 
same in oxygen and in hydrogen, gases which have very 
different chemical affinities for the material of the cathode, 
is evidence against the theory which has lately been put 
forward, that the electron emission from a glowing solid is 
due to chemical action between the solid and the sur- 
rounding gas. . 

41 Heats of Dilution oj Concentrated Solutions By 
W. S, Tucker. 

More detailed study of the variation of heat of dilution 
with concentration is here described than has hitherto been 
published. Dilution was performed by short steps by 
addition of water at air temperature. Specific heats of 
solutions were accurately obtained for various concentra- 
tions so that heats of dilution could be calculated for any 
mean concentration. 

Solutions of hydrogen and lithium chlorides and sodium 
hydroxide give results which appear to show a linear 
relation with mass concentration, for the range over which 
heat of dilution has an appreciable magnitude. 

Curves are shown which indicate that this heat of dilu- 
tion, if that linear relation be accepted, will vanish at such 
concentration as will suggest the formation of some simple 
hydrate of the solute. Thus the straight line connecting 
heat of dilution and mass concentration for hydrochloric 
acid solutions will, if produced, cut the axis of concentra- 
tion at HCI.X5H3O. Solutions of lithium chloride and 
sodium hydroxide similarly yield hydrates LiC 18 HaO and 
NaOH8H a O. 

Equations covering these results for the concentrated 
solutions are of the type — 


and the total heat generated on dilution from N molecules 
of water to 00 is — 

Q a alog*N-&N+c, 

where a, b t and c are constants. 


The same type of equation applies well to Thomson's 
results for solutions of sulphuric, hydrobromic, nitric, and 
acetic acids, and reveals limiting hydrates H 3 S0424H20 
and 2CH3COOH.3H3O. For nitric and hydrobromic acids 
there is no associated water. 

Dunnington and Hoggard obtained results for am- 
monium nitrate solutions which can be expressed by a 
similar equation yielding alimiting hydrate NH4NO324HSO. 

These simple relations do not apply to dilute solutions, 
and results obtained seem to show that the more dilute 
solutions are very complex, while those of concentration 
N<io show the same characteristic simplicity for all the 
available solutions hitherto examined. 

“ Origin of the ‘ 4686 ’ Series By T. R. Merton. 

An attempt has been made to obtain some information 
as to the origin of the “ 4686 " series by measurements of 
the relative breadths of the “ 4686 ” line and the helium 
lines, from which the relative masses of the atoms con- 
cerned can be calculated according to the relations which 
have been found by Lord Rayleigh, Micbelson, Buisson, 
and Fabry, and others. The conclusion arrived at is that 
either the breadth of the “ 4686” line is controlled by 
circumstances at present unknown, or that the line originates 
from systems of subatomic mass. 


CHEMICAL SOCIETY. 

Annual General Meetings March 25, 1915. 

Prof. W. H. Perkin, LL.D., F.R.S., President, 
in the Chair. 

A full report of the meeting will be found in the Trans . 
Chent . Soc.> p. 542 (April, 1915). 


Ordinary Meetings April 22, 1915. 

Dr. Alexander Scott, M.A., F.R.S., President, 
in the Chair. 

The Prseident referred to the loss sustained by the 
Society, through death, of Messrs. Alec Alfred Beadle, 
John Jacob Beringer, Richard Arnold Seymour Jones 
(killed in action), Arthur Sheridan Lea, David Alexander 
Louis, John O'Sullivan, Sidney George Rawson, and Otto 
Nikolai Witt. 

The President announced that the Council have 
appointed the following Committees for the year 19x5 — 
1916 : — 

Finance Committee- Messrs. E. G. Hooper, G. T. 
Moody, Sir Edward Thorpe, Sir William A. Tilden, and 
the Officers. 

House Committee — Messrs. Horace T. Brown, R. 
Messel, J. E. Reynolds, J. M. Thomson, Sir William A. 
Tilden, and the Officers. 

Library Committee— Messrs. B. Dyer, W. Gowland, A. 
Harden, J. T. Hewitt, C. A. Keane, A. R. Ling, T. M. 
Lowry, R. Meldola, J. M. Thomson (Chairman), Sir 
William A. Tilden, J. A. Voelcker, the Editor, and the 
Officers. 

Publication Committee— Messrs. H. B. Baker, B. Dyer, 
J. N. Collie, F. G. Donnan, A. Harden, T. M. Lowry, 
F. L. Pyman, G. Senter, and the Officers. 

Research Fund Committee— Messrs. W. R. Bousfield, 
Horace T. Brown, H. B. Dixon, Sir James J. Dobbie, 
F. G. Donnan, P. F. Frankland, W. H. Perkin, W. J. 
Pope, J. F. Thorpe, W. Palmer Wynne, and the Officers. 

Certificates were read for the first time in favour of 
Messrs. George Roger Clemo, B.Sc., County School, 
Penzance; David Owen Davies, 4, Victoria Avenue; 
Penarth; Albert Richard Henchley, M.D., Crowborougb, 
Sussex; Frank Jagger, 24 Wade Street, Halifax; Walter 
Ratledge Twigg, Beverley, Beech Hill, Luton. 
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The President announced that a Memorial on “ The 
Position of Chemical Industries ” had been forwarded to 
the Prime Minister with a request that the Government 
should receive a deputation from the Society. 

According to a communication received from the Com- 
mittee of the van’t Hoff Memorial Fund, the amount 
available for distribution as grants in aid of research during 
1916, is about £108. Application for grants should be 
made before November i, 1915, and should be sent by 
registered post to “ Het Bestuur de Koninkklyke Akademie 
van Wetenschappen ; bestemd voor de Commissie van bet 
* van’t Hoff-fonds’ Trippenhuis, Kloveniersburgwal, te 
Amsterdam,” with a detailed account of the manner in 
which the applicant proposes to spend the grant. 

Papers embodying the results of the research carried 
out may be published in any journal, but acknowledgment 
must be made of the source of the grant. Copies of the 
papers embodying the results of the research must be 
forwarded to the Committee. 

The following papers were read : — 

“A Method for Distinguishing Tautomeric from Poly - 
morphic Substances By Nevil Vincent Sidgwick. 

« Studies on the Walden Inversion , Part I. The 
Influence of the Solvent on the Sign of the Product in the 
Conversion of Phenylckloroacetic Acid to Phenylamino- 
acetic Acid.** By George Senter and Harry Dugald 
Keith Drew. 

“ Derivatives of 2-Pyridylhydraxine and a-Quinolyl- 
hydrazine .” By Robert George Fargher and Reginald 
Furness. 

«T ke Rate of Hydration of Camphoric Anhydride By 
Bernard Howell Wilsdon and Nevil Vincent 
Sidgwick. 


ROYAL INSTITUTION. 

Annual Meeting , May 1, 1915. 

Sir James Crichton Browne, Treasurer and 
Vice-President, in the Chair. 

The Annual Report of the Committee of Visitors for the 
year 1914, testifying to the continued prosperity and 
efficient management of the Institution, was read and 
adopted. The Report of the Davy-Faraday Research 
Laboratory Committee was read. Forty -four new 
Members were elected in 1914. Sixty-two Lectures and 
nineteen Evening Discourses were delivered m 1914. The 
books and pamphlets presented amounted to about 338 
volumes, making with 652 volumes (including periodicals 
bound) purchased by the Managers, a total of 990 volumes 
added to the Library in the year. 

Thanks were voted to the President, Treasurer, and 
Secretary, to the Committees of Managers and Visitors, and 
to the Professors, for their valuable services to the 
Institution during the past year. 

The following gentlemen were unanimously elected as 
Officers for the ensuing year : — 

President — The Duke of Northumberland. 

Treasurer — Sir James Crichton Biowne. 

Secretary — Col. Edmond H. Hills. 

Managers — Sir Thomas Barlow, Bart. ; Dr. Horace T . 
Brown ; Dr. J. H. Balfour Browne ; Dr. Andrew Carnegie ; 
Charles Edward Groves ; Sir Robert Hadfield ; Charles 
Hawksley; the Hon. Richard C. Parsons Edward 
Pollock; Sir James Reid, Bart.; the Right Hon. Lord 
Rothschild ; Alexander Siemens ; Alan A. Campbell 
Swinton; Harold Swithinbank; the Right Hon. Lord 
Wrenbury. 

Visitors — Rev. Edward S. Dewick ; Lieut.-Col. Henry 
E. Gaulter; Joseph G. Gordon; Dr. William J Gow ; 
Dr. J. Dundas Grant; John W. Jarvis; James Y. Johnson ; 
H. R. Kempe ; Francis Legge ; Francis K. McClean ; 
Ernest R. Moon ; Richard Pearce ; Henry G. Plimmer ; 
Arthur J. Walter ; Sir Henry J. Wood. 
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INSTITUTION OF CHEMICAL TECHNOLOGISTS. 

(London Section). 

Colonel Charles E. Cassal, V.D., President of the 
Institution, m the Chair. 

(Continued from p. 214). 

Mr. W. J. Dibdin, F.I.C., F.C.S., Vice-President 
(Consulting Chemist, formerly Chief Chemist to the 
London County Council). — Mr. President, I was formerly 
chemist to the Metropolitan Board of Works and to the 
London Couuty Council and for fifteen years I held that 
position. When I left it I left it a good going concern 
which was taken on by my successor who carried it on up 
to some two years ago, when he retired. I was going to 
refer to that in order to illustrate one of the most remark- 
able instances of the want of appreciation of chemical 
technology that has ever been known. I will mention this 
one fact, that the operations of the Chemical Department 
of the London County Council and the Metropolitan 
Board of Works effected a saving in one particular item of 
£10,000,000 capital expenditure to the ratepayers of 
London. It is a fact that if it had not been for the work 
successfully carried out by the chemical staff of the Board, 
London would have spent no less than £10,000,000 more 
than they did for the treatment of London sewage. The 
process was evolved out of the technical knowledge of the 
staff and of the chemical advisers, other than the staff, 
whom the Board wisely consulted, and the net result was 
that entirely new ideas were discovered and put into force, 
and London has had the benefit of that work, the process 
which was put into work twenty years ago being still at 
work and keeping the Thames free from nuisance. That 
one fact alone justified the existence of the Chemical 
Technological Department of the London County Council 
without saying one word about all the other technological 
work carried out by the staff. I am not speaking because 
I was one of that staff. There were one hundred of us 
altogether, all engaged in it, and that was the net outcome 
of our work in one direction alone. The reward of the 
chemical profession is this — the ratepayers of London have 
acknowledged the work done by its chemical technologists 
by abolishing the department. (Shame.) There is no 
chemical department of the London County Council. 
One part of the work is split up and put under the direction 
of a clerk — an admuable man, a most courteous and 
kindly man, but who had never seen one of the operations 
conducted for which he is now made responsible. That 
was one branch. The purely chemical work which was 
carried on was actually placed under the medical officer. 
He is not an analytical chemist and he cannqt have that 
acquaintance with chemical technology which & ^kcessary. 
The thirty-five Committees formerly made constant 
reference to the chemical technologist for advice, and now 
the whole of the thanks of London is expressed by the 
abolition of the Technological Department and by putting 
the chemist back into a position where he is a subordinate 
of the medical officer. I do not speak with reference to 
myself. It is nearly eighteen years ago since I left. All 
this has happened within eighteen months. It is a dis- 
grace to London and to England and to the chemical 
profession that such a state of things has arisen. Whoever 
is responsible I hope it will be remembered against him, 
but the loss of incentive to the best work is such that it 
can only result m damage to the community. With regard 
to the position of the chemical technologist, the chemical 
technologist is to be compared with the foundation-stone 
of a building. He is there doing the work and the struc- 
ture rests on him, but he is very seldom seen or heard of. 
I think the time will come when he will be unearthed and 
brought to light, and appear in his proper positi m. With 
regard to the status of the chemical technologist that is 
what I call the works chemist — the Institute of Chemistry 
is to blame, I think. Proposals have been taken up to 
enable students at our polytechnics who have given con- 
siderable promise to obtain a thorough grounding in 
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chemistry and to admit them to examinations. Now, 
says the Institute of Chemistry, if you have not paid the 
fees at a certain number of colleges we will not admit you ; 
your ability may be great, but your father was not rich 
enough to pay the fees at certain colleges ; it does not 
matter what work you can do or what contribution yon 
can make to chemistry ; you shall not come into our ranks 
because you have not attended certain colleges. I say 
that this is a great hardship and wrong to a large number 
of men whose parents are not in a financial position to 
pay the heavy fees, who are able to go to these polytech- 
nics, and have acquired a sound knowledge of the work, 
but the Institute of Chemistry closes its doors and says, 
“ Your father is a poor man ; keep outside.” That is one 
thing that the chemical technologist, the despised works 
chemist, feels keenly. That is the cry of these men, which 
has come up to some of us, and I have not been able to 
dose my ears. I do sympathise with them. That is one 
reason why this Institution of Chemical Technologists has 
been formed. The Chemical Society is a most excellent 
Society, but it is of a totally different character. The 
Society of Chemical Industry is a manufacturers' society, 
but the Institution of Chemical Technologists brings 
together those engaged in the chemical works of the 
country — they are called works chemists, who feel as if 
they were treated as outsiders by the profession. Their 
position in the works may be seen from the disgraceful 
M salaries ” paid, some of them receiving 30s. a week. How 
can men work at their best, how can their brains be at 
ease, when they are worried ? The country must wake up 
to the appreciation of the work of those who have done 
so much and such good work in a quiet, unostentatious 
manner, and without whose work many industries would 
be nowhere. I say nowhere — they could not exist, I will 
give you one instance. Some years ago English cement 
manufacturers ruled the world. You could not get cement 
elsewhere. It waB chiefly made on the Medway, but the 
German cement manufacturers entered into competition, 
and they said, “Why not make cement equal to the 
English?” What did they do? They went to Prof. 
Fre&enius and said, “ The English are making this cement. 
Can we not also do so ? ” Prof. Fresenius, a fine chemist, 
went into the question, and showed them on chemical 
lines where they were at fault, and the result was the 
Germans pioduced a better cement than the English 
manufacturers, and the latter were in danger of being 
driven out of the market by the imported German cement. 
They were woken up largely at the instance of John Grant, 
one of the assistant engineers to the Metropolitan Board, 
who went by the name of " Cement Grant.” The English 
manufacturers woke up to the necessity of employing 
chemists in their works, and now there is hardly a cement 
works without their chemist. In a large number of cases 
the chemist's salary is something less than that of some of 
the workmen, but that industry would have gone over to 
the Germans if the English had not realised the fact that 
scientific works in the hands of the Germans would have 
ruined them, and they had to come to the chemist to be 
rescued from the position they had put themselves in. 
That is one instance. The question is not so much what 
is the cause of the condition of which many complain, but, 
I take it, the question is what can be done to remedy it ? 
It is one thing to point out a defect and another to point 
out the remedy. There may be many suggestions, but I 
venture to think there is only one fundamental remedy. 
It is not by urging the Government to do this or that, or 
asking somebody else to do something, but it is for the 
chemical profession to rise up in its strength and say, 
« This state of things shall no longer be. We assert our- 
selves as valuable members of the community, and we will 
not be treated in the way we have been.” It is a common 
observation that you can get a chemist and put him into a 
back room to make stinks to amuse himself, but the fact 
must be recognised that in modern industry the technical 
chemical adviser is one of the foundation stones of the 
concern, and he must be recognised and treated as such, 


and not as an inferior— as one merely to be tolerated by 
the works foreman. That must stop. I say the country 
must wake up to the fact that the position of the chemist 
must be acknowledged and his responsibility recognised, 
and we must cease from placing him in the background as 
an inferior being and working him to death on starvation 
wages. I say this : I am sorry we have not here some 
more of the leaders of the chemical profession, who are 
too much self-centred in their own positions. (Hear, 
hear.) Many of them we admire and love as chemists, 
but they have not wakened to the position of their chemical 
brethren. I do hope that the time is not far distant when 
they will pur themselves shoulder to shoulder, and that 
they will realise that they are members of an important 
portion of the community, and that on their shoulders rests 
a responsibility in proportion to their position. They must 
recognise that below them in the Btrata of life there are 
others working on the same lineB, who have a right to look 
up to them for comfort and support in their strife and in 
their hardships. If their conduct is callous and self- 
sufficient monopolists will treat them as useful off-shoots 
of the industry and nothing more. This position must be 
altered. The chemical technologists, the works chemists, 
the falsely so-called lower ranks of the chemical pro- 
fession, cry aloud to the officers of the army of chemistry 
to be led as they ought to be led, to receive every comfort 
which the man in the ranks has a right to receive from the 
knowledge that his commanding-officer is worthy of his 
trust. (Cheers.) 

Mr. Wilbbrforce Green (Registrar). — Mr. Presi- 
dent, we all agree that when the present war is over the 
commercial relations and the industries of this country 
will have undergone profound changes, and I assume that 
it is in anticipation of these changes we are met here to- 
night. I think this is mainly a subject for the chemical 
technologist— the scientific chemist. In spite of what is 
said or implied to the contrary, the chemical technologist 
is and must be ultimately responsible for the successful 
application of chemical principles to practical problems. 
Our main commercial rival has characteristics that we 
cannot disregard. We cannot overlook the power of 
organisation, the technical Bkill and co-operation, and 
other characteristics, which are not usually counted as 
virtues, to which reference has been made by some this 
evening. It is obvious that no military reverses can pos- 
sibly destroy these characteristics of our foes, and these 
characteristics will be no less apparent when our rivals 
seek to regain the positions lost in the commercial world 
aft the end of the war. We must prepare ourselves for 
what we have to face. Commercial organisation must be 
undertaken, and though to-night I am not concerned with 
this I cannot help observing, and in doing so I am paying 
the manufacturers back in their own coin, when I say that 
their house wants putting in order, that they might perma- 
nently extend and strengthen their trade if they would 
attend to those details of our commercial life. 1 am con- 
cerned here with the professional side of chemistry. I say 
that it is essential to our success that the chemical pro- 
fession should be strengthened and consolidated. Chemical 
science is the basis of ail modern industry, and neither 
engineers nor manufacturers can do without the powerful 
resources of tbe science, and the chief exponent of that 
science is the scientific chemist. Professional chemists 
should form a scientific army on which we can rely when 
steps have to be taken in any direction that is necessary. 
If we ask what we have done to form such an army, the 
answer is that we have done practically nothing in the last 
forty years ; but if permanent success is to be attained — 
and I distinguish it from success that arises from excep- 
tional and temporary conditions — means must be found to 
place the chemical profession in a position in which it may 
make its influence felt in every department of the manu- 
facturing world. No serious attempt has hitherto ever 
been made to do such a thing. Years have passed. The 
importance of applied chemistry is unquestioned. Tech- 
nical schools have been founded all over the country, and 
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he study oi chemistry is regarded as a necessary part of 
education. In every university there are 44 chairs ” of 
Chemistry and money is freely spent in training technical 
students. Time and money have been spent in techni- 
cally training the individual, but not the slightest effort 
has been made to develop those attributes which give to 
the medical and legal professions their dignity, strength, 
and stability. There has not been a single attempt to 
develop a corporate professional life. That, I submit, is a 
fact of the very first importance. If I may take an instance 
from a military point of view, you can have an organisa- 
tion in all parts of the country to teach the use of the 
rifle, and if men are keen on Joining, you might have two 
hundred or three hundred thousand men, or many more, 
all learning to be in this respect individually efficient, but 
it would be absurd to say that under those conditions you 
had an army. Any man who believed that and acted on 
his belief would bring the country down badly. Such men 
must be trained to act together. That means the arousing 
of a corporate spirit. The men must have a belief in them- 
selves as individuals and as members of a corporate body, 
and confidence in their leaders. I ask you to consider the 
history of the medical profession. One hundred yearB ago 
the medical profession was in the same position as the 
chemical profession is now. The work which resulted in 
the formation of the medical profession as we know it was 
initiated by the leaders of the profession, and the medical 
profession was thus built up. Those teachers had public 
spirit, a sense of duty towards and confidence in their pro- 
fession, and their foresight and aptitude to lead made 
them to take up a strong, consistent, and definite line of 
policy, and to pursue it fearlessly to the end. These were 
the characteristics of the leader** of the medical profession. 
Their action resulted in the Medical Practitioners Act, 
1858, being passed. That Act was not passed without 
Strong opposition. The ignorance of lay reactionaries 
said that it waB not for the medical profession to declare 
what should or what should not constitute a qualified man, 
but that is the objection which many put forward now in 
respect to the chemical profession. Fortunately for the 
medical profession those remarks passed unheeded. In 
the same year was passed the India Bill. The India Bill 
took the administrative control of India from the hands 
of those who were commercially interested in India. It 
was felt to be contrary to good principles of government 
that administrative interests should be subordinated to the 
commercial interests— in other words, it was an admission 
that the control of orofessional matters should be left in the 
hands of professional men. We can make no exception 
whatever in the case of the chemical profession. If it is 
sought to make the chemical profession an exception, it is 
a tacit admission on the part of those who are teaching 
that students are being trained in and for work of an in- 
ferior and unimportant kind. It is a tacit admission by 
those who are practising that the profession of which 
they are members is of so low an order that it is not worth 
governing as other professions are, and that this admini- 
strative work, which means so much, can be partly, or 
preferably wholly, left in the hands of those whose interest 
in it is merely secondary. The men who are responsible 
for the manufacture of armour-plate or explosives - is their 
work inferior ? The work of the chemical profession 
cannot be said to be inferior to that of the medical or legal 
professions, nor do its aims and ideals fall short of the 
needs and aspirations of these times, but when we come 
to consider these ideals and the nature of the efforts made 
to attain these ideals, one realises how far short perform- 
ance is from the ideal. The efforts made have been 
inadequate and weak, characterised by timidity of a most 
shameful kind, and exhibit a total lack of any appreciation 
of what a profession ought to be. If the chemical pro- 
fession is to take its place among the great professions, its 
government must be left in the hands of professional men. 
The truth of that principle has been generally admitted. 
We desire to see the qualified chemical practitioner taking 
his place along with the doctor, the lawyer, the actuary, 


and the accountant. The interests of the chemical pro- 
fession must be furthered and controlled by its real repre- 
sentatives . We intend that the present disgraceful and 
humiliating state of things shall be put an end to, and that 
the youth shall not enter as a chemical student any more 
than be can as a medical student unless he realises what 
is expected of him by his profession, and what he may 
expect from his profession in return. The medical or law 
student knows what he has to do to qualify for bis career. 
It is pointed out to him that he is a member of a corporate 
body ; it is made clear to him that such a condition is for 
the good of all, severally and collectively. On the other 
hand, the profession 44 hall-marks” him and gives him a 
status ; it undertakes to support his professional claims. 
That bargain reacts on the interests of the individual. We 
may regard his profession, run on such lines, as dis- 
charging a national duty. It has an ethical basis, apart 
from a purely technical one. When we come to the 
chemical profession we find no public spirit is inculcated 
in its members— that no attempt has ever been made in 
this direction. It seems to me that we have come to 
something which is in the nature of a “ confidence trick." 
We have allowed money to be poured out like water. 
Technical schools have been run up, but no attempt has 
been made to lay down the details of a minimum 
qualifying course , to co-ordinate the work of the schools 
throughout the country, or to make students realise that 
there is a corporate life and corresponding obligations. 
You will search chemical literature in vain— in all the 
thousands of pages of printed matter you will search in 
vain — to discover one line in which encouragement is held 
out or advice given to chemical students. You will not 
find one address which is comparable to those most 
admirable addresses which are given in the medical schools 
at the opening of the session. Chemical students on 
leaving college find there is no professional body behind 
them, but that their profession qua profession is practi- 
cally non-existent. There are no lists like the Medical 
Register, and no lists as in other professions. Nobody 
knows how many technical chemists there are in the 
country. I bad occasion to communicate with the census 
authorities with regard to this matter* They do not 
officially know of the existence of the scientific chemist. 
Scientific chemists are lumped together with others under 
the heading of 14 People engaged in scientific occupations.” 
The public generally confuses the technical chemist with 
the pharmacist and druggist, while the manufacturer calls 
himself a manufacturing chemist, although in the majority 
of cases he has no right to the latter part of the title. 

This is the record of the chemical profession up to the 
present. There has not been a single corporate voice 
raised to protest against such a state of things ; there have 
only been single voices crying in the desert. To gull a boy 
to believe he is going to enter a profession, of which the 
foundations have not been laid, is doing him a grievous 
wrong. It is on all fours with the action of the man who 
persuaded Martin Cbuzzlewit to go to a place called 
44 a city ” which was found to be a swamp, and, said Mark 
Tapley, 44 an uncommon nasty one,” 

I would like to say one more word. We have heard 
about 41 silent pressure” in the North Sea* There is 
another kind of 44 silent pressure.” It has come from 
Germany. It has been exercised steadily and stealthily 
for thirty years in a most effective way to our detriment. 
It is because our leaders in the chemical profession did not 
realise in the way our naval leaders realised what was due 
from them that that stealthy pressure has become as 
effective as it has. They have not inspired the rank and 
file of the profession with esprit de corps because they 
themselves have not been inspired with the recognition of 
public duty. If the chemical profession is to be developed 
the arousing of a professional spirit will he the deter- 
mining factor in the process, and go far to determine the 
success of our struggle with Germany. If we neglect 
to do this we shall fail because we have not availed our- 
selves of that store of professional energy. This is the 
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ethical side of the question on which I wished to dwell, 
and I may say that though the commercial supremacy may 
seem to be the material one, in reality it is the ethical side 
that is going to count. It is first our duty to bring about 
a true professional feeling in the chemical profession. 
(Cheers.) 

(To be continued). 


NOTICES OF BOOKS. 

Discussion of Evidence on the Solvate Theory of Solution 
obtained tn the Laboratories of Johns Hopkins Uni- 
versity . By Harry C. Jones. 

This monograph, which is a reprint of Chapter VIl. 
of Publication No. 210 of the Carnegie Institution of 
Washington, contains a brief discussion and summary of 
the more important lines of evidence which have been 
brought out by the work of the author and his collaborators 
on the solvate theory of solution. Beginning with the 
early research done under Arrhenius at Stockholm he 
reviews the experimental data accumulated, including the 
spectroscopic work, and shows how the results all point to 
the conclusion that when solution occurs there is always 
more or less combination between the dissolved salt or its 
ions and the solvent, the magnitude of the action depending 
upon the nature of the substances involved. It is shown 
that the solvate theory is not by any means to be regarded 
as a rival of the theory of electrolytic dissociation, but 
rather begins where the latter leaves off, explaining the 
condition of the ions after their formation. The two 
theories together constitute a comprehensive theory oi 
solutions in general, not merely very dilute or “ ideal 
solutions,” and the monograph provides an excellent 
exposition of the main features of the theory of solvation. 


OEspelho. (“The Mirror”). 

This is the only illustrated Portuguese periodical pub 
lished in Great Britain and circulating m Brazil and 
Portugal, and it will undoubtedly do very valuable work m 
these two countries. Its aims are, firstly, to combat the 
German press campaign which is endeavouring to under- 
mine British prestige, and, secondly, to develop com- 
mercial relations between Britain and Brazil, so that our 
merchants may have an opportunity of capturing 
Germany’s South American trade. The type is good, the 
illustrations are excellent, and the risvmes of European 
news are compiled from the most reliable sources. For 
the present the periodical is to appear fortnightly, and the 
production of a Spanish edition is contemplated. Efficient 
arrangements have been made for the distribution of the 
paper, which will undoubtedly be a very useful advertising 
medium for British firms. 

f —■ — — - - — " — '■ "■ * I M I - '■ 

CORRESPONDENCE. 

INSTITUTION OF CHEMICAL TECHNOLOGISTS. 

(London Section). 

To the Editor of the Chemical News. 

Sir, — I n your impression of April 23rd the President of 
this new “Institution, 11 Colonel Cassal, endeavoured to 
unfold, as the subject for discussion on March nth, 
“The Future of British Chemical Industry Among 
those “keenly interested in the subject” but prevented 
from attending, Mr. Bonar Law, Mr. Ansten Chamberlain, 
the Earl of Denbigh, Lord Charles Becesford, and Captain 
Bathurst were named. As authorities on the subject of 
chemistry and its applications in chemical industry it is 
regrettable that these gentlemen were prevented. Had 
they been present a clear definition of what “ technical 
chemistry” really is might have been called for, the study 
and practice of which is stated as being the object of the 


new “ Institution.” It certainly receives no definition at 
the hands of Colonel Cassal. According to him, the 
Chemical Society of London is “ entirely ” concerned with 
theoretical chemistry, and he speaks of “applied and 
technical chemistry 11 as “ branches of science,” dis- 
tinct from each other. It would have been interesting to 
hear how and in what they differ. As to the “ Society of 
Public Analysts 11 being restricted to the reading of 
papers on analytical subjects and the publication of a 
journal, it will be news to the said Society. A perusal of 
the journal of that Society leads me to note that 
discussions on the subjects of the papers form a very 
essential feature of its proceedings. With regard to the 
“ Society of Chemical Industry 11 and its “ main concern 
with chemical manufacture from the present unfortunately 
restricted point of view of the ordinary British manufac- 
turer,' 1 I should, doubtless in common with many others 
of your readers, like to know what an “ ordinary British 
chemical manufacturer ” is, and how he differs from the 
“extraordinary” brand. We are told his powers of 
mental vision are “unfortunately restricted,” and it is 
only such short-sighted or semi-blind people that “the 
Society of Chemical Industry is mainly concerned with.’ 1 
The Society issues an alphabetical list of members. Per- 
haps Colonel Cassal will kindly give a few typical and 
prominent names of ordinary manufacturers with such 
restricted vision, and opposite to them a few of his ideal 
men with practically unlimited vision. It is clear from 
his acknowledgment that the Society of Chemical Industry 
by publishing its journal and in other ways “has done ex- 
cellent work,” that he merely refers to a kind of pioneering, 
or leading gently upwards to a higher platform, which 
through lack of further mental calibre it must resign in 
favour of the “Institution of Chemical Technologists” ! 
As indicative, I presume, of restricted visionary powers, 
Colonel Cassal mentions that “ unfortunately the member- 
ship is not confined to professional chemists.” Let us 
ask his definition of “ professional chemists,” and further 
let us ask, why is it “ unfortunate ” to seek to extend 
knowledge, whether of chemistry or any other subject ? 
Also, why is it “still more unfortunate” to extend the 
benefits of the Society and its journal beyond the seas 
and to other lands ? Have we in Britain the entire 
monopoly of chemical technology ? May we humbly 
crave the names of at least a few of those “ qualified to 
judge ” that such extension is highly dangerous, and even 
“ probably extremely injurious to the interests of British 
chemical industry?” Of course, had the Society of 
Chemical Industry only possessed the far-sightedness or 
gumption referred to by Colonel Cassal, and attempted to 
confine the limits of its fold first to professional chemists 
and second to British subjects, there would, now that his 
Institution of Chemical Technologists has started, have 
indeed been “ a great many professional chemists actively 
engaged in most important work,” &c., &c., to collect 
for his Institute — a perfect harvest in fact 1 From what 
he says, it will now be “ the business ” of the new Institu- 
tion “ to collect the isolated and unquestionably valuable 
elements and to put them in their proper places in an 
organised body.” Personally, were I one of these 
so called “ isolated and unquestionably valuable elements,” 
I should feel the reference addressed to me as one of a body 
that needed apologising for, a chemical wanderer on the face 
of the earth, but still one that might be “ organised 11 — • 
whatever that may mean. I can readily imagine the reply 
of the professor of “ pure chemistry ” to a further state- 
ment of Colonel Cassal’s, as to there being at present no 
relationship or sympathy between the college laboratory 
and the technical laboratory, which the new “ Institution 
of Chemical Technologists” is to rectify, and it is briefly 
this : “ The student of chemistry is in the college and the 
college laboratory to learn chemistry, so that he may 
eventually be possessed of the wherewith-all--to apply 1 ” 
If he tries to do both together, and within the same 
college period, and college laboratories generally fall in 
with Colonel Cassal’s scheme, then indeed that “ broadly • 
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based Institution, free from the trammels of older bodies, 
constituted for the needs oj to-day,” will find a rich harvest 
of benighted wanderers ; but to put them in their proper 
places in an organised body involves a farther question, 
viz., Where is their bread and cheese to come from ? I 
should rather fear that for not a few of them the broadly- 
based institution will turn out to be no other than — the 
workhouse! — I am, &c., 

Watson Smith. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Noth.— A ll degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances de V Academic 
des Sciences . Vol. clx. No. 11, March 15, 1915. 
This number contains no chemical matter. 

No. 12, March 22, 1915. 

Crystalline Theobrominate of Calcium. — Louis 
Rousseau.— When a molecule of lime acts on two mole- 
cules of crystallised theobromine in presence of water 
freed from carbon dioxide, the two substances combine on 
boiling, and when cooled a crystalline mass is obtained. 
When kept over sulphuric aeid the composition of the sub- 
stance corresponds to the formula (CyHyN^^Ca.gHgO. 
It slowly loseB its water of crystallisation at about 120°. 
It does not dissociate in water, and is only very slightly 
soluble in alcohol. Carbon dioxide reacts with it, 
regenerating theobromine and forming calcium carbonate. 


Bulletin de la SocietS Chimique de Prance . 

Vol. xvii.-xviii., No. x, 1915. 

A Variety of Selenium Particularly Sensitive to 
Light. —Louis Ancel. — When vitreous selenium is fused 
at 220°, and rapidly cooled under pressure, it is trans- 
formed into a new grey variety, which is very sensitive 
from a photo-electric point of view, but is very unstable. 
In order to employ this variety it must be mixed with a 
small quantity of vitreous selenium, and the combined 
action of beat and pressure will produce a sort of 
solid solution, which is quite stable, of the grey in the 
vitreous variety. The great sensibility of this selenium is 
only apparent when the layer of the non-metal is formed 
on a metallic electrode, a selenide being probably obtained. 
Copper is a suitable metal to use for the electrodes. 

Use of Nickel and its Oxides in Catalysis. — J. B 
Senderens and Jean Aboulenc. — Metallic nickel when 
finely divided is a hydrogenating catalyst, equally suitable 
for use in the wet and dry ways. The oxides of nickel 
seem to be inactive for hydrogenations in the dry way. 
When used in the wet way they appear to have an activity 
of their own which cannot be ascribed to the presence of 
reduced nickel, and they behave like catalysts whatever 
the degree of their oxidation. 


MISCELLANEOUS. 

Royal Institution.— A General Meeting of the Members 
of the Royal Institution was held on the 3rd inst., His 
Grace the Duke of Northumberland, K.G., President, 
in the Chair. Mr. Richard H. Beamish, Mr. William E. 
Benton, and Mr. Charles A. Schunck were elected 
Members. The Special Thanks of the Members were 
returned to Dr. Thomas W. Dewar for his Donation of 
£15 15s. to the Fund for the Promotion of Experimental 


Research at Low Temperatures. His Grace the President 
announced that he had nominated the following as Vice- 
Presidents for the ensuing year : — Sir Thomas Barlow, 
Bart., Dr. J. H. Balfour Browne, Charles Hawksley, 
Edward Pollock, Sir James Reid, Bart., The Right 
Hon, Lord Wrenbury, Sir James Crichton Browne, 
Treasurer, Colonel Edmond H. Hills, Secretary. 

Institute of Chemistry . — Pass List ; April (1915) 
Examinations.— Oi five candidates who presented them- 
selves for the Intermediate Examination, two passed : — 
T. L. McEwan, B.Sc. (St. Andrews), and E. Mendoza. 
Of ten candidates who presented themselves for the Final 
(A.I.C.) Examination, eight passed:— In the Branch of 
Physical Chemistry — E. K. Rideal, B.A. (Cantab), 
Ph.D. (Bonn). In the Branch of Organic Chemistry — 
W. S. Allen and Gilbert Harding. In the Branch of the 
Chemistry (and Microscopy) of Food and Drugs, Fertilisers, 
and Feeding Stuffs, Soils, and Water— A. S. Carlos, B.Sc. 
(Lond.) ; R. H. Hopkins, B.Sc. (Birm.) ; D. A. Legg ; 
A. R. Pearson, B.Sc., A.R.C.S. (Lond.); and G. A. 
Stokes. 

Institute of Metals Corrosion Committee.— In the 
absence, on active service, of Dr. G. D. Bengougb, M.A., 
Honorary Investigator to the Corrosion Committee, now 
a Captain in the Royal Garrison Artillery, the Council of 
the Institute of Metals have appointed Mr. W. E. Gibbs, 
M.Sc., as Acting Honorary Investigator to the Committee. 
Mr. Gibbs, prior to the outbreak of the war, was acting as 
Dr. Bengough’s assistant in connection with the work for 
the Corrosion Committee. He is now engaged on a series 
of important investigations, the results of which will be 
embodied in the Third Report to the Corrosion Committee, 
which it is hoped will be presented at the forthcoming 
Autumn Meeting of the Institute of Metals. 

Proposed Trade Conference at Swansea. — The 
Swansea Corporation, Parliamentary, and General Purposes 
Committee on Fiiday (April 30) considered a letter from 
Mr. Gwilym Morgan, an ex- member of the Council, calling 
the attention of the Mayor to the recent Trade Conference 
at Cardiff, and suggesting that Swansea should arrange a 
similar conference. It was, he said, a matter of vast 
importance to Swansea which waB such a centre far the 
production of metals and chemical compounds. n Unless 
you do something,” said the letter, “Cardiff will take 
advantage of any concession that may come along aad 
will not consider us.” He mentioned the opinion 
Principal Griffiths that Swansea should have one of the 
foremost technical colleges in this country, and that a 
Chair of Mining and Engineering ought to be established 
there. It was agreed to appoint a small Sub-committee to 
act with the Mayor in the matter. 


MEETINGS FORJTHE WEEK. 

Monday, 10th. — Royal Society of Arts, 8. (Cantor Lecture). “ Food- 
stuffs,” by David Sotnmemlle, B.A., M.D. 

Tuesday, nth.— Royal Institution, 3 “ The Animal Spirits,” by Prof, 
C. S. Sherrington, F.R.S, 

Wldnl&day, rath.— Royal Society of Arts, 8. “Recent Progress in 
Pyrometry,” by C. R. Darling. 

Thursday, 13th.— Royal Institution, 3 “The Movements and 
Activities of Plants,” by Prof. V. H. Blackman, 
F.R S 1 

Royal Society of Arts, 4.30 “ Indian Trade and the 

War," by Sir Charles H. Armstrong 

Royal Society. “Development of the Thymus, 

Epithelial Bodies, and Thyroid in the Vulpine 
Phalanger (Tru hosaurus vnlpecula)," by Eliza- 
beth A. Fraser and J. P. Hill “ Observations on 
the Development of the Thymus, Epithelial 
Bodies, and Thyroid in Phascolarctos, Phasco- 
lomys, and Peraraeles,” by Elizabeth A. Fraser. 
“ Measurement of the Specific Heat of Steam at 
Atmospheric Pressure and I04'5° C.,” by J, II. 
Brinkwortb. “ Thermal Properties of Carbonic 
Acid at Low Temperatures," by C. F. Jenkin and 
D, R Pye. 

Friday, 14th.— Royal Institution, 9. " The Archives of Westminster 
Abbey,” by The Rev. E. H. Pearce, M .A. 

Saturday, 15th,— Royal Institution, 3 “Advances in the Study of 
Radio-active Bodies,” by Prof. F. Soddy, F.R.S, 
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MENTHOL : 

ITS MELTING- AND SOLIDIFYING-POINT. 

By ROBERT MELDRUM 

Menthol is stated by the following authorities to have 
melting-points as follows; — 36° C M Oppenheim, Allen; 
42° C., Beckett, Wright, Atkinson, Yoshida, Goodchild. 
Allen states the melting-point of pure menthol to be 36° C., 
and the commercial to vary between 41 0 and 43 0 C. The 
writer has undertaken the following investigation to 
ascertain the extent of variation in the melting- and 
solidifying-poinf of menthol by various methods and the 
causes of such variation. The menthol used was ordinary 
pure, the same sample being used throughout the experi- 
ments. The test-tube used for solidifying was i in. inside 
bore, unless otherwise stated. The thermometer was a 
52 0 C., divided into tenths. The same thermometer and 
tube was used throughout the whole series of tests. When 
abnormal results were obtained the thermometer was 
tested against a standard one, but in each case no varia- 
tion in readings was obtained. During the readings the 
thermometer was fixed in centre of tube about 1 cm. from 
bottom, the tube being half full of menthol. 

Method A . — Constant stirring in air at 6o° F . — 
Melted at various temperatures from 45 0 to 55 0 C. till all 
traces melted, and stirred with thermometer till tempera- 
ture ceases to fall and thickening commences; fixed 
thermometer, and noted readings : — 

Solidifying-point + rise, °C. 387 38*4 38*5 38*6 38-4 

Rise, °C 1*0 2-9 3*5 3*1 a 9 

Solidifying-point + rise, C C. 38*2 38-5 38*1 39*1 39 0 

Rise, °C 1-2 17 2*6 x-6 x-8 

Variation, i*o° C. Minutes to rise, 10. 

On stirring to cool a small portion of the menthol sets 
on bottom of tnbe, and nature of solidification depends on 
Whether this is disturbed by the stirring and mixed up with 
the liquid menthol. If undisturbed the menthol at the 
supercooled temperature solidifies rapidly from top about 
half way down tube, and becomes so rigid that stirring 
cannot be continued, and thermometer has to be fixed in 
partly solidified and fluid. On the other hand, if menthol 
at bottom is disturbed by stirring solidification commences 
from bottom, leaving the upper part of tube fluid at com- 
mencement of rise. Due to the solidification becoming 
so rapidly rigid it is not possible to produce a homogeneous 
mixture of fluid and solid throughout the tube, and this no 
doubt is the explanation of the variation in results. 

The solidification of menthol commences as a trans- 
parent colloid which rapidly becomes more opaque and 
more rigid. The longer the stirring is continued the 
higher the results ; if the thermometer is fixed just aB 
solidification commences low readings are obtained. 
Therefore uniformity in solidification depends upon an 
equal number of crystallising points being _ dispersed 
throughout the mass in unit of time, which^ fails to take 
place due to difficulty in stirring. The rapid increase in 
viscosity at the supercooled temperatures is no doubt due 
to menthol attaining the colloidal condition previous to 
crystallising, as the very slow rise points to this fact. The 
behaviour of menthol in solidifying is totally different 
from thymol, but approaches closely mutton tallow and 
the solid fats. . 

Method B . — Stirred while being cooled %n cold water . — 
Melted at 50° C. and cooled by stirrrlng in ait to 40° C., 
plunged tube into cold water at io° C., and continued 
stirring till temperature ceased to* al and thickening com- 
menced, and fixed thermometer * — 


Solidifying-point -f-tise, °C. 37*5 37*4 38-0 38*2 367 

Rise, °C 1-5 1-4 1-5 17 07 

Variation, 1*3° C. 

At 36° C. becomes so thick can hardly be stirred. At 
about 36 s a layer of solid menthol forms round tube, the 
whole tube becoming rapidly solid. Time cooling and 
rising, two minutes. Degree of stirring, rapidity of 
cooling, and rapid solidification accounts for low resultB and 
variations* Here, also, a thick gelatinous mass forms at 
the commencement of the rise, Menthol is more erratic 
in its behaviour than thymol under this method. Thymol 
is fairly normal under the method. 

Method C.— Solidification while partially melted.— 
Melted at 42° C. till three-fourths melted, and stirred in 
air jacket till thickening commences, and fixed thermo- 
meter. 

Solidifying-point + rise, °C. 39*5 39*8 387 40*2 39*4 

Rise, & C. .. .. .. .. o*x 0*4 07 o o 

Solidifying-point -f-rise, °C. 39*8 41*3 41*4 42-4 40*4 

Rise, °C. .. 0*1 o 0*4 0*4 0*4 

Variation, 27 0 . 

Solidification commences as a transparent colloid which 
rapidly becomes more opaque and rigid. Remains at 
maximum temperature for about three minutes. 

It is not possible to attain a uniform mixture of solid 
and liquid menthol by stirring as the thickening approaches. 
The high results are due to stirring effects as the stirring 
here was continued beyond usual. Though solidification has 
taken place with no or little supercooling and in the pre- 
sence of solid matter, it is seen how variable the results 
are. During the experiments it was observed that the 
solidifying-point varies according to the extent the solid 
menthol has been uniformly dispersed through the mass 
and the amount of solid present. There is no doubt that 
the colloid condition or thickening wbile transparent can 
be produced at high temperatures if sufficient solid matter 
is present. 

Method D. — Cooled by stirring in hot water jacket . — 

Solidifying-point + rise, °C. 39*5 39*8 40*3 40*2 40*4 

Rise, °C. .. .. . . .. o“3 o*6 x-x 0*5 0*9 

Variation, o m g° C. 

Cooled by stirring in air to 42° and placed in hot wate* 
jacket at 42°, and allowed to cool at rate of cooling of 
jacket. Stirred menthol all the time, also water in jacket. 
At 39° C. becomes thick but transparent. The longer 
stirring is continued after thickening takes place the higher 
the rise. When semi-solidification begins, if thermometer is 
fixed, low sohdifying-points result ; if the stirring be con- 
tinued till quite solid, or nearly so, high readings result. 
Therefore the results obtained depend on activity of 
stirring and its duration. To obtain a maximum rise and 
higher solidifying-point stirring is necessary while almost 
solid. When the thermometer registers highest tempera- 
ture and ceases to rise, on disturbing the instrument a 
further rise takes place, thus : — 

Thermometer ceases to rise at °C. . . 397 40*2 40*0 
Disturbing thermometer rises to °C. . . 40-9 40*9 41*1 

This bebaviour of menthol under these conditions 
appears to be common to all solidifications below 40 x° C. v 
whether in hot water jacket or not, and appears to indicate 
the importance of stirring or disturbance of the semi- 
solidified menthols to obtain high solidifying-points, due 
to final stages of crystallisation being hastened or 
completed. 

Method E. — Cooled in cold water without stirring . — 
Melted at 45° C., fixed thermometer in centre, and 
plunged into cold water at io° C. What takes place here 
is a rapid and gradual fall to 25° C., but no aero point, 
rise, or stationary point was observed. Solidification takes 
place from bottom of tube and extends all round sides 
which increases in thickness as the cooling proceeds 



Cooling here takes place at greater rate than crystallising 
rate. The most interesting point of this experiment is 
failure to exhibit a definite solidifying-point, whereas by 
Method B, which is the same test but with stirring, a well 
defined though erratic solidifying-point is registered. 
We here see that rapid cooling and rapid solidification or 
thickening is apparently not sufficient to produce a 
stationary point, and that stirring, agitation, or disturbance 
of the solidifying or solidified mass seems to be necessary 
to yield a well defined solidifying-point. However, the 
results obtained by Method F, where slow cooling and no 
stirring is used, clearly shows that well defined, though 
somewhat low, solidifying-points are obtained. Therefore 
elimination of the three points is not due to lack of stirring 
but to rate of cooling being greater than crystallising rate. 

Method F. — Air cooled without stirring . — Melted at 
45° C., and stirred to cool to 41° C., fixed thermometer, 
and placed in apparatus to cool. 

Solidifying-point 4 rise, °C. 37 5 37*6 37*4 377 37*3 

Rise, °C. 28 30 3*4 2*9 3*0 

Variation, 0*3° C. Mintues to rise, 20. 

Minutes stationary, 0*5. 

Solidification proceeds from bottom at first and pro- 
gresses upwards, and then commences from top and on 
sides ; therefore cooling and solidification is taking place 
at different parts of the menthol at different temperatures 
and different speeds. Though the results agree within 
themselves by 0*3° C. and are fairly constant, yet the 
solidifying-point indicated is below normal. This is but 
one instance of how false solidifying points result. 

Method G. — Supercooled in air and stirred . — Melted 
at 45 0 C. and stirred to cool exactly to 43 0 C. ; fixed 
thermometer and allowed to supercool to the indicated 
temperatures, stirred till thermometer begins to rise, fixed 
same and noted readings : — 

Supercooled to °C 35 36 37 38 39 

On stirring ther. falls, °C. 34*8 35 36 37 37 

Solidifying-point 4 rise, °C. 38*2 38*2 38 5 38*8 389 

Rise,°C 3*4 3*2 25 i*8 rg 

Variation, o 7 0 C. 

Here also the indicated solidifying-point depends upon 
the degree and duration of stirring. After rise is complete 
at 38 2°, on revolving thermometer standing in solid 
menthol it rises to 38*9 ; again, when solidification is com- 
plete at 38*9, on revolving thermometer it rises to 40*3. 
On re-melting the solidified core of menthol it is seen to 
be full of large cavities, no doubt containing fluid menthol. 
This would explain further rise on disturbing thermo- 
meter. That the further rise Is due to friction developed 
by rotation of thermometer cannot be accepted, as thermo- 
meter does not rise when rotated at high temperatures — 
that is, at 40° C. 

Method H. — Adding menthol crystals to melted . — 
Melted at 45° C. and cooled by stirring in air to 41° C., 
and added zo per cent menthol crystals and continued 
stirring till thickening ensues; fixed thermometer for 
readings 

Solidifying point f rise, °C. 39*0 39*2 39*8 397 39*5 

Rise, 0 C 08 0*4 o*6 0-5 0*4 

Variation, o*8° C. 

After solidification complete, on revolving thermometer 
temperatures rise to: — 

39*9 39*8 40*4 40*5 40*2 

Generally, a great deal of reliance is placed upon this 
method, as it is considered reliable and as yielding con- 
stant results. It will be seen the variation amounts to 
0*8° C., and yields results which depend not upon the 
presence of menthol crystals but upon the activity and 
duration of stirring. Attempts were made to time the 
stirring in seconds, but this had to be given up, due to 
erratic thickening. 


Solidification tn Capillary Tubes . 

In capillary tubes of 1 mm. bore menthol could not be 
maintained in the fluid condition at ordinary temperatures 
for more than fifteen minutes without solidification taking 
place. In these fine-bore tubes menthol solidifies to a 
transparent solid previous to crystallisation taking place. 
When the tube is half full of liquid menthol it may be 
moved up and down the tube, ana aB cooling proceeds, 
and when it ceases to move, a needle passed down tube, 
it is found to be quite rigid and hard. In this state it is 
free from traces of crystallisation, but crystallising points 
soon appear, and after twenty minutes gradually turns 
opaque. The importance of this fact in solidification 
phenomena cannot be over-estimated, as there is no doubt 
that erratic solidification of many substances is closely 
related to it. It is therefore evident that rapid change of 
viscosity at the solidifying-point, due to assuming colloidal 
conditions, are disturbing elements in determining the 
solidifying-point. 

Menthol behaves like thymol when allowed to solidify 
on thermometer bulb. A thermometer immersed in melted 
menthol, withdrawn and allowed to cool, solidification 
only takes place at 15 0 C. on bulb ; lower temperatures 
than this can be obtained by cooling the thermometer 
quicker. 

Melting-point of Menthol . 

Thermometer Bulb Method . — This method yields very 
constant results, as will be seen from results. Rate of 
heating about four minutes per degree ; — 

Large drop appears,°C. 42 41*9 42*0 41*9 42*0 42*0 

These figures agree with other observers, that the true 
melting-point of menthol is 42° C. 

Opacity Method . Melting in test-tube $" diameter in 
large water jacket. Raising temperature jacket at four 
minutes per degree ; stirring jacket and menthol during 
the test. Menthol 40° C., jacket 40° C., for five minutes. 
All solid round sides, semi solid in centre ; does not 
drop from thermometer bulb. Menthol 40*5° C., jacket 
40'3* C., five minutes ; contents of tube in form of solid 
paste ; does not drop from bulb. Menthol 41 0 C., jacket 
41 0 C., five minutes ; thick solid paste ; does not drop 
from bulb; difficult to stir. Menthol 41 *5° C., jacket 
41*5° C., five minutes; very opaque pastey liquid ; drips 
from bulb. Menthol 42 0 C., jacket 42® C., five minutes ; 
thin opaque liquid, not all clear. At 42*5° C. all traces 
melted and clear. 

Three experiments gave the same results. This 
method, therefore, yields results half a degree higher than 
thermometer bulb method. 

Floating on Water Method . — Placed 1 grm. in 200 cc. 
water and heated gradually; stirred water slowly. It 
melts at 39° C., but the actual point is somewhat 
indefinite. 

Menthol with 2 per cent Water. —The water does not 
dissolve in the menthol but collects at bottom of tube as 
large globule, and increases in size as melting is pro- 
longed. It would thus appear that water at the melting- 
point of menthol dissolves a considerable proportion, or 
that the menthol forms a hydrate which is only partly 
soluble in menthol : — 

Solidifying-point + rise, 0 C. 313 31*2 31*0 31*5 

Rise, °C •• .. 23 17 o*2 1 3 

Melting-point, 35 0 C. 

Menthol and Oil of Peppermint. 

Menthol So per cent 4 oil of peppermint 20 per cent. 

Solidifying-point , Method A. — 

Solidifying-point + rise, 0 C. 28*8 29*2 293 293 

Rise, °C •• 3*8 1*2 03 13 

Solidifying-point , Method C. — 

Solidifying-point 4 rise, 0 C. 30*9 3x3 31*8 307 

Rise. °C. .. *. .. .. o*o 0*6 0*8 0*2 
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Solidifying-point, Method G.— 

Supercooled to °C 26 27 28 29 30 

On stirring therm, falls °C. 26 267 27 27 7 27 

Solidifying-pomt+rise,°C. 28*7 28*8 28 8 28*8 287 

Rise, °C 27 2*3 i*8 11 17 

^ In all these tests the colloid condition was assumed pre- 
vious to crystallisation) and in solidifying the mixture 
behaves very like menthol itself. In hot water jacket the 
mixture solidifies at 32 8, 32*4, the rise varying from 0*2 
to 0*4° C. When allowed to solidify in hot water jacket 
at rate of cooling of jacket, and allowed to cool down to 
15° C* for twenty-four hours, the mixture is almost trans- 
parent, with little or no crystalline structure. At 15° C. 
no oil separates from the mixture, a homogeneous mixture 
of liquid and solid resulting. It will be seen, 20 per cent, 
oil lowers the solidifying-point about io° C., or about the 
same ratio as thymol and oil of thyme. 

Melting-point of Menthol and Oil of Peppermint 
Mixture . — By the thermometer bulb method varies 
between 33 to 34*5° C. six determinations. The melting- 
point of mixture by this method is therefore more erratic 
than menthol. By the opacity method constant melting- 
point is given of 34*5° C. 

Summary. 

Menthol solidifies below its normal solidifying-point, due 
to assuming the colloidal condition previous to crystal- 
lising. The solidifying-point varies as the colloidal 
condition varies. Its melting-point is constant at 42° C., 
but solidifying-point varies by 3*3° C. when determined 
by good methods. 
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Introduction and General Considerations. 

By E. PATERNO. 

(Continued from p. 222 . 

Note XI.— General Considerations^ 

Our researches on synthesis in organic chemistry by 
means of light have been published from October, 1908, 
onwards in the Qaxxetta Chimica Italiana . They, with 
the present one, constitute altogether eleven papers, nine 
of which are experimental, and made with the collabora- 
tion of Dr. Generoso Chieffi, and with that of Drs. 
Maselli, Traetta-Mosca, Forli-Forti, G. Perret, and R. 
De-Fazi. Besides those in Note I. the principal results 
obtained, and more precisely the reactions of a general 
nature that we have observed, were made known to the 
Royal Lincei Academy in the sitting of January 7, 1909. 
The papers following therefore represent but the experi- 
mental proof of what bad been already stated. And if the 
publication of this material has been protracted for a 
period of about Bix years, that must be attributed to the 
numerous occupations which interfered with the work of 
compiling, and besides to the wish of extending to a 
greater number of compounds the reactions observed. 

By reading the Introduction it is easy to every one to 
form an idea of our contribution to the problem of 
synthesis in organic chemistry by means of light, a 
problem which we have circumscribed to the applicative 
of light in the common work of synthesis in the labora- 
tories. In the above named Introduction we have with 
the most scrupulous care, fixed the state of the problem 
towards the end of 1908, showing that only some isolated 
facts were then known about synthesis, ana that the most 
complete and systematical work on the action of light, 
without the intervention of other catalysing agents, on the 
organic compounds was that of Ciamician and Silber 

* From the Gaxzetta Chimica Itahana, 1909-1914. 

+ For the Papers II. to X , in which the experimental researches 
are exposed, see the Gazsctta Chmtea Ilahana, as quoted in the 
present paper, 


( Gaxz . Chim. Ital. , xxix., [1], 237) begun in 1901, and 
chiefly directed to investigating the reducing action of 
alcohols on the quinones and ketones and nitro-compounds. 

If afterwards some analogy could be traced between our 
researches and those of Ciamician and Silber, who for 
several years had passed to studies on hydrolysis, whoever 
will look carefully into the whole matter will not fail to 
observe that it is due to the fact that when these authors 
have known our results they have completed with success 
the study of some reactions, which at first they had occupied 
themselves with only because they were accompanied by a 
reducing action, but had stopped at the first difficulties 
which a more complete study ofiered. 


I. 

One of the most important reactions that we have 
observed and of which no previous example is known tons, 
is that which takes place by the action of light between 
the carhonylic compounds, aldehydes, and ketones, and 
the olefinic hydrocarbons. What takes place is the 
opening of the double link, and the direct addition between 
carbon and carbon, as is shown by the fact that from the 
products of the reaction we can separate some hydrocar- 
bons that contain a number of atoms of carbon equal to 
the sum of those contained in the original substances. 
Thus from the product of addition of benzaldehyde, 
C7H6O, with the amylene, C5H10, we obtain the hydro- 
carbon CmH X 8, and from the product of the addition of 
the benzopbenone, C13H20, with the amylene the hydro- 
carbon CxsHaa. 

As to the constitution of the new compounds we would 
not say that it is perfectly cleared up ; but we have fixed 
on a hypothesis that presents, without doubt, a great 
degree of probability. 

The simplest representatives of the products to which 
this reaction is referred are evidently ethylene and formic 
aldehyde. Now nothing is more logical (we have not made 
the experiment) than that these two compounds can unite 
themselves together in the following manner : — 

CHa 0 CHa — 0 

II + II - I 
CH 2 CH a CHa-CH* 

with the formation of trimethylene oxide. 

From this scheme it is easy to deduct the reaction that 
ought to take place between the homologues of ethylene 
and formic aldehyde, or the ketones which are only alkylic 
derivatives of formic aldehyde. And therefore the com- 
pounds that are generated are onlyprodncts of substitution 
of trimethylene oxide. With amylene (trimetbylethylene) 
and benzoic aldehyde (phenylformic aldehyde) we must 
then obtain trimethyl-phenylethylene oxide, and with 
amylene and benzoketone (diphenylformic aldehyde) tri- 
methyldiphenyl-trimethylene oxide, that is the compounds: 

(CH 3 )a«C O (CH 3 )aC 0 

1 f and I | 

CH3-CH-CH.C6H5 CH 3 -CH-C(C<sH 5 ) a 


This reaction has the character of a general reaction, 
although, like all other general reactions of organic 
chemistry, may come about more easily with some terms 
of the series and less easily with others, and altogether 
fail in some cases. 

As far as the aldehydes are concerned, the reaction has 
given us the best results with benzoic, anisic, and para- 
toluic aldehydes (Gas*. Chim. Ital, xxxix., [1], 341, 347 ; 
xliv., [1], 154). 

Negative results have been obtained with salicylic 
aldehyde, probably owing to the presence of phenolic 
oxybydryl (Ibid., xliv., [1] , 157 )* 0 * thc fatt 7 aldehydes 
we have only tried valeric aldehyde, with a result that 
seems positive (Ibid., xxxix., [i], 347 )- 

In this reaction it is to be observed that tight polymenses 
amylene, whence the reaction cannot take place whenever 
for its accomplishment more time is wanted than that 
which is required for the polymerisation of amylene* 


tatfCk I 
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With the ketones a typical reaction takes place with 
benzophenone and with acetophenone (Ibid., xxxix., [1], 
353) ; but also with benzylideneketone {Ibid., xxxix., [1 j, 
554), with benzoylketone {Ibid., xxxix., [1], 354), with 
acetylhexamethylketone (Ibid., xxxix., [i], 354), and with 
benzil (Ibid., xliv., [i], 158) we have obtained encouraging 
results. Negative results have been obtained with ordinary 
acetone and amylene. Of other olefinic hydrocarbons 
we have experimented with caprylene (Ibid., xxxix, [ij, 
355), hexylene, and hexadecylene, obtaining the best 
results with caprylene and benzoic aldehyde. 

We wished further to determine whether other oxygenated 
compounds, differing in nature from aldehydes or ketones, 
were able to react with amylene. Our experiments, all 
with a negative result, dealt with benzyl and ethyl 
alcohols, with acetic, trichloracetic, and oxalic acids, with 
dimethylpyrone, with xanthone, with saligenin (Ibid. , xxxix. , 
[1], 356; xliv., [1], 158, 159. 160. *62, 257)- We have 
also made experiments with acetonitril and benzonitril, 
as well as with aromatic hydrocarbons, viz., benzene and 
naphthalene, but in no case does any reaction take place. 

This condensation, which we shall call trimethyl enic, 
takes place, then, exclusively with the ketones and 
aldehydes 

II. 

Another reaction of a notable importance we have 
observed between ketones and aromatic hydrocarbons. 
That hydrocarbons and other organic substances may act 
as reducing agents under the influence of light is a fact 
known for very long time, but in the case of hydrocarbons 
nobody had ever examined the transformation that they 
themselves have undergone. 

In the year 1883 Klinger had already noted that, from 
benzil and phenanthraquinone with ether, aldehyde is 
formed, which he attributed to the alcohol which is 
formed by the hydrolysis of the moist ether, and Ciamician 
in the year 1886, as if to confirm it, observed that the 
transformation of alcohol into aldehyde takes place with 
quinone. But Ciamician and Silber, who with many 
experiments studied the reduction of quinones and ketones 
with various alcohols, revealing with care the products of 
an aldehydic nature which are then formed *<#ijhen they 
have to do with the action of trimethylcarbmol, say 
(Ibid., xxxii.y [1], 222 ; Rendiconti R . Accad . dei Lincei , 
1901, i., 93) : — “ In this case one would think that, the 
alcohol being a tertiary, no action takes place,” and, after 
having Batd that the reduction has taken place, “ what may 
be the transformation undergone by tbe tertiary alcohol 
we have not been able to discover.* 1 
And further on, occupying themselves with the behaviour 
of quinone with oxyacids, with acids, and with hydro- 
carbons, they never succeeded in determining what is the 
chemical action , nor had they better results repeating the 
reductions with ether, as Klinger had done. But more 
than this, Ciamician and Silber, in their Note V. to the 
Lincei Academy (Gass. Chim . Ital., 1904, i., 135; 
Rendiconti R. Accademia dei Lincei , 1903, i., 23S), 
trying to elucidate the reduction of benzophenone with 
hydrocarbons, chose cymene with the hope 0 f being able 
in this case to discover eventually also the transformation 
suffered by the hydrocarbon ; but they did not succeed. In 
our researches the process has been explained. And, first 
of all, in the reaction between benzophenone and ethyl- 
benzene and ^-xylene we have shown that diphenyl- 
butane and /-dixylyl are formed ; that is the reduction is 
as expressed by the schemes : — 

C6H5CH.CH3 

2Ci S Hx80+2C6HaCHaCH 3 ->Ca6H M Oa-h j 

CfiH 5 CH.CH 3 

pi? C6H4.CH3.CH2 

2C13H10O + 2C6H4QTT 3 C26H22O2+ ! 

CHs CeH4.CH3.CH2 

And this result we announced to the Lincei Academy 
in the aforesaid meeting of February 7, 1909. 

It is indeed true that fifteen months and a* half later 


Ciamician and Silber made known the results of experi- 
ments begun several years before and then taken up 
again , adding new examples to the reaction that we had 
obtained, and showing that tbe re-doubling of the hydro- 
carbon takes place also with toluene and cymene 
(Rendiconti Acc. Lincei , xgio, i., 645, meeting of May 22, 
1910). 

Though therefore in this paper Ciamician and Silber, 
making a kind of process to the intention, write “ It 
seems to us not to be justified the assumption that more or 
less clearly shines through the recent publications of 
Prof. Paterno ; that is, that the chemical reactions 
described by him are essentially different from ours, 1 * 
still it remains out of every discussion that Ciamician and 
Silber have only added some other examples to the 
reaction by us for the first time observed. 

Tbe fact of the re-doubhng of the carbon chains, which 
yield their hydrogen in the reduction of ketones to 
pinakones, does not only take place with toluene, ethyl- 
benzene, ^-xylene, and cymene, but it manifests itself also 
with substances of different chemical structure. Thus 
from phenylpropionic acid we have obtained a dibasic 
acid, the diphenyladipic or dibenzylsucctnic acid : — 

C6H5.CH.CH2.COOH C6H 5 .CH 2 .CH.COOH 

| or I 

CfiH5.CH.CH2.COOH CfiH5.CH2.CH.COOH 

And from benzylcyanide we have obtained tbe nitrile of 
diphenylsuccinic acid (Gass. Chim . Ital., xl., [2], 324) : — 

CfiH5.CH.CN 

CeHj.dH.CN ’ 

The transformation observed by Ciamician and Silber 
(Ibid., xliv., [1], 255), by which, from methylethylketone, 
is formed a diketone 

CH3.CO.CH.CH3 

cH3.co.iH.cH3’ 

though the result may have been judged unexpected and 
really noteworthy , enters evidently into tbe reaction that 
we have observed. 

In this argument we must note tiiat in no case have we 
verified tbe addition of two arofpitic nuclei, whence a 
special interest acquires to our eyes the transformation of 
vanillin into dehydrovanillin : — 

CH3O— C 6 H2(OH)COH 

CH 3 0 -c! 6H 2 (OH)COH ’ 

this was observed by Ciamician and Silber ( Rendiconti 
Acc . Line., 1912, i., 547); if confirmed, the same will 
apply to the production of diquinaldine from quinaldine 
and acetophenone, which we have recently announced 
(Ibid., 1901, i., 101). 

It is not improbable that the hydrogen of the benzenic 
group, which is not reduced by ketones, even in the 
case of mono-substituted compounds like phenol and 
benzoic acid, may become more interchangeable in a 
further substituted derivative, like vanillin and quinaldine. 

(To be continued ) 


Tormentol.— A. Goris and Ch. Vischniac. — From the 
root of Tormeniilla the authors have extracted a vhite 
silky crystalline product which they have called tormentol. 
Its composition is very complex, and not easy to determine. 
The formula of the anhydrous substance appears to be 
C 33 H5oOxo»' It is a saturated, neutral, non-nitrogenous 
product which does not combine with semi-carbazide nor 
with phehyl hydrazine, but gives ethers with acetic 
anhydride, &c. It melts at 227° to 228°. It turns the 
plane of polarisation to the right. On saponification with 
alcoholic potash it gives an acid and an alcohol, the 
melting-points of which are both higher than that of the 
original product ; tormentol is thus both an ether and an 
alcohol.— Bull. §oc. Chim. de France, xvii.-xviii., No. 3. 
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THE USE OF RADIO-ACTIVE SUBSTANCES AS 
FERTILISERS.* 

By WILLIAM H. ROSS, 

Scientist m Soil Laboratory Investigations. 

Introduction. 

A fertiliser may be conveniently defined as any com- 
mercial material which, when added to a soil that has 
been brought into suitable condition for the growth of 
plants, produces an increased yield in crop production. 
In producing this result a fertiliser may act in various 
ways, bringing about an improvement in the chemical, 
physical, or biological condition of the soil, and generally 
in all of these. An improvement in all these three classes 
of soil conditions may also be brought about by other farm 
operations, as by tillage, green manuring, and the rotation 
01 crops. To what extent these latter operations should 
be supplemented, or even in a measure replaced, by the 
use of fertilisers, so as to lead to the most profitable re- 
turns, is a matter which has given rise to a great deal 
of controversy, and there still remain considerable 
differences of opinion on the subject. This is due in a 
large measure to the fact that the results obtained from 
experiments carried on locally and under special conditions 
of farming are often quoted as applying to the whole 
country and to conditions of farming of an entirely different 
type. It is quite evident, however, that any set rules 
governing the use of fertilisers in farm practice are only 
applicable when all conditions of soil fertility, climate, 
cultivation, and crop production are about the same. 
Fertilisers must therefore be used differently under different 
conditions, and it is universally admitted that when 
intelligently applied, where the conditions warrant it the 
use of the proper fertiliser brings profitable returns. 

A great many forms of fertilisers are used, but all those 
commercial products which are recognised as of value in 
the fertiliser trade have the common feature of containing 
one or more of the elements — nitrogen, potassium, phos- 
phorus, and calcium. These elements are therefore 
spoken of as fertilising elements. 

It is further recognised that in a very general way the 
value of a material is proportional to the percentage of the 
fertilising constituent or constituents present in soluble 
form. Because of its wide distribution calcium can usually 
be obtained locally, and consequently it does not enter 
into the fertiliser trade in the same sense as the other 
fertilising elements. To each of the three remaining 
elements is given by common consent and as a trade 
practice a definite value per unit, which varies with the 
form in which the element occurs; the price set on a 
standard fertiliser, while thus in a sense an arbitrary one, 
is nevertheless determined in a scientific way by multi- 
plying the percentages of the constituents present by their 
prices per unit and adding the products. 

If nitrogen, potash, and phosphoric acid are absent, the 
fertilising value of the material as calculated in this way 
will be zero, and no material, with the exception of certain 
calcium compounds, as lime and gypsum, that does not 
contain one or more of the constituents referred to is 
recognised at present by agricultural scientists as having 
commercial value as a -fertilising agent for general 
farming. 

Notwithstanding these facts there have frequently been 
placed on the market from time to time various so-called 
fertilisers, which contain little or none of the recognised 
fertilising elements even in an insoluble form. As a rule 
these materials consist simply of ground rock, usually of 
volcanic origin, from various sources, and for which an 
arbitrary price is asked out of all proooition to the value of 
the small amount of the fertilising elements which may be 
present. Some of these materials, although exploited to 
quite an extent in the past, have later fallen flhto disfavour, 
and are now no longer used by anyone, but others of more 


recent development are still being placed on the market 
under different trade names. One of these new materials, 
which is known as u radio-active manure,” consists of 
low-grade uranium-radium ores, or ores from which the 
uranium has been extracted, and it is claimed to bring 
about, by virtue of its radio-activity, phenomenal increase 
in crop yields when mixed with barnyard manure and 
applied to the soil. Within the past few years the use of 
this material as a fertiliser has been quite extensively 
advertised in various parts of the world, and accounts have 
been given in various scientific publications of numerous 
results which have been obtained in pot and field tests 
using radio-active material from different sources. 

The object of this Bulletin is to give a review of these 
results, and likewise an explanation of the property of 
radio-activity, in order that a conclusion may be reached 
as to the value of applying radio-active material to the 
soil. 

Properties oj the Radio-Elements. 

The properties of the radio-elements have been investi- 
gated by many of the leading scientists of the present day, 
and have consequently been determined with a degree of 
exactness and completeness which perhaps has never 
before been equalled in any other branch of science in the 
same length of time. 

The following points with regard to these properties 
may be enumerated as having bearing on the fertilising 
value of radio-active material : — 

1. An element is said to be radio-active when it has the 
property of disintegrating or changing into another 
element. This property of radio-activity as exhibited by 
radium, which is the best known popularly of the radio- 
elements, is one which is inherent in the atom. No 
substance can be radio-active which does not contain an 
element which would be radio-active if separated from the 
substance, and conversely, if a substance contains such an 
element it must be radio-active. Some of the radio- 
elements, like the ordinary elements, do not give off any 
rays, others give off one kind of rays only, while still 
others give off two different rays, each of which may 
differ from the single radiation, thus making altogether 
three different kinds of rays. No inactive substance can 
be made radio-active by exposure to any of these rays. 
The activity of a given quantity of a radio-active element, 
like uranium or radium, remains unchanged in whatever 
chemical or physical state it may exist, whether combined 
in a soluble or insoluble compound, and whether or not it 
may be mixed with any substance or substances whatso- 
ever. It therefore follows that its activity can not be 
intensified by mixing with barnyard manure, as is 
sometimes claimed. 

2. Radium is a product of uranium, and can not occur 
in nature in quantity exceeding the amount with which it 
is in equilibrium with uranium. For this reason the 
highest concentration of radium which can ever be found 
in any ore will amount to only one part of radium in 
3,460,000 parts of ore. This quantity of radium is so 
small that if chemical tests alone had been applied neither 
radium nor any of its products could ever have been identi- 
fied. There are physical tests, however, which are much 
more delicate than any chemical tests. Thus, when the 
spectroscopic test is applied to lithium, an element which 
according to chemical tests is of very limited distribution, 
it is found to be almost universally distributed, and in no 
spring water, for example, does the test fail to reveal its 
presence. Tbe electroscopic test for radium is even much 
more delicate than the spectroscopic test just cited, and it 
thus happens that radium, which occurs in soils, for 
example, in such minute quantities, can nevertheless be 
identified in all soils. If the same delicate test could be 
applied to all the ordinary elements it is universally ad- 
mitted that they too would be found in all soils and in 
much larger amounts than radium, for the reason that 
they occur in nature in much larger quantities. (The 
presence of the rare earths and other rare elements in all 
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soils examined has been demonstrated by W. O. Robinson, 
of the Bureau of Soils ; Bui. 122, U.S. Dept. Agr.). 
The ordinary elements could not have been discovered if 
this were not the case. Most soils differ but little in their 
radium content, as must follow from the fact that almost 
all rocks which do not contain uranium ores contain pretty 
much the same quantity of radium (Strutt, Proceedings 
Royal Soc. [A], 1906, lxxvii., 472). 

On an average the radium present m an acre-foot of 
soil amounts to about 3*6 mgrms. (Moore, Journ. Ind. 
Eng . Chem 1914, vi., 373). The radium present in one 
ton of carnotite ore containing 2 per cent of uranium oxide 
(U3O8) amounts to 5 mgrms. To duplicate the amount of 
radium in an acre-foot of soil would therefore require about 
three-fourths of a ton of 2 per cent carnotite 01 e from 
which radium has not been extracted, and which bring* 
about 80 dots, a ton wholesale. It is thus quite evident 
that to increase the radium content of the soil to any great 
extent by the use of carnotite ox any other radium ore is 
out of the question as an economic proposition. , 

The chemical properties exhibited by an element in com- 
bination depends on whether the element occurs in a 
soluble or insoluble form. Thus the addition of a com- 
paratively small amount of a soluble potash salt has a 
marked effect on the growth of plants, while the corre- 
sponding amount of an insoluble potash silicate would 
have little or no effect so long as it remained insoluble. 
As already explained, the property of radio-activity does 
not change in this way with the form of combination, and 
a given weight of radium in the soil has exactly the same 
activity as the same weight of radium in any other form of 
combination that can be added. The argument, therefore, 
can not be advanced that the radium in radio-active 
manure is in a more active form than that already present 
in the soil. 

3. When a preparation of radium which has been freed 
from its products is allowed to stand for a time, tbe pro- 
ducts are again formed, and finally reach a state of 
equilibrium with the radium. When this is the case the 
material has its greatest activity, and any preparation 
which is allowed to stand for a time always consists of a 
mixture of radium and its products. The first of the pro- 
ducts to be formed from radium is a gas called radium 
emanation. Since radium itself gives off rays, while 
radium emanation is a product of radium, the activity of 
radium emanation in equilibrium with its products must 
always be less than that of radium in equilibrium with its 
products. It therefore follows that no preparation of 
radium emanation can be obtained which is more active 
than the radium available. 

When the radium emanation is removed from a prepara- 
tion of radium, the total radiation evolved from the two 
sources remains the same as that given off from the 
preparation before the separation. The total radiation 
has thus not been either increased or decreased by the 
treatment, and as far as the use of the rays is concerned 
it must necessarily be just as expensive, although possibly 
at times more convenient, to treat plants with radium 
emanation as with the radiation from the equilibrium 
amount of radium. 

The Influence of Radio-active Rays on Plants . 

Every physical agent known when exceeding a certain 
minimum intensity is able to affect in a marked degree the 
germination of seeds and the growth of plants. It would, 
therefore, be expected that the rays from radio-active 
substances when present in sufficient intensity would 
likewise have an influence on plant growth. A great 
many experiments have been made along tbis line, and 
the literature on the subject is already very extensive. 
Unfortunately, in many of the experiments which have 
been made no mention is made of tbe amount of radio- 
active material used nor of the intensity of tbe radiations 
emitted by it, consequently such experiments can not be 
duplicated by others, and the results reported are there- 
fore of little value, for it could have been predicted that 


Cnsit'ou News, 

1 May 14, >915 

a very intense radiation would have an injurious effect on 
plant growth, while radiations of moderate intensity might 
exert a beneficial effect. Furthermore, owing to an 
insufficient knowledge of the properties of radio-active 
rays, many experiments have been carried out in such a 
way that the effects which were attributed to the rays 
could not possibly have been due to tbis influence. 

Tbe most extensive experiments in this field which have 
been described in this country were carried out by Gager 
at the New York Botanical Garden (“ Effects of the Rays 
of Radium on Plants,” Memoirs of the N.Y . Botanical 
Garden , 2908, iv.). In one set of pot experiments a 
quantity of polonium (activity not given), enclosed in a 
sealed glass tube, was inserted in tbe soil at the centre cf 
the pot, with the end containing the radio-active matt rial 
about zo mm. below the surface. Twelve grains of wheat 
were then planted without soaking in the soil around the 
tube. Three other pots were also prepared in the same 
way with the same number of wheat grains. In onecf 
the pots was placed a tube containing 10 mgrms. of radium 
bromide of 1,800,00 o activity ; in another, a tube con- 
taining 10 mgrms. of radium bromide of 1,500,000 activity, 
while the remaining pot was used as a control. On the 
fourth day measurements were made of the height of the 
seedlings, and it was found that the average growth was 
greatest in the pot containing the polonium and least in 
the control pot. It is known, however, that polonium 
gives off alpha rays only, and that these rajs are so 
lacking in penetrating power that they could not have 
penetrated the walls of the glass tube in which the 
polonium was contained, much less could they have 
penetrated the intervening soil which separated the tube 
from the planted seeds. (In this connection the author 
himself states “ I am unable to explain how physio- 
logical effects can be obtained with radio-tellurium 
[polonium] in a sealed glass tnbe, for this substance 
gives off only a rajs, and these are not thought to be 
able to pass through the glass walls of the tube. The 
results, however, were constant and decided, leaving not 
the slightest doubt as to the physiological c fficacy of the 
preparation.” Loc. cit ., p. 144). If tbe experiments 
were carried out as described the seeds in tbe pot con- 
taining tbe polonium tube must have been as free from any 
radio-active influence as those in tbe control pot, and tbe 
marked increase noted in the growth of the seedlings in 
this pot could not have been due to the presence of the 
polonium tube, as claimed by the author, but n ust be 
attributed to some other influence. 

From the way in which other experiments were carried 
out it seems reasonable to suppose that other results were 
likewise incorrectly attributed to radio-active influence. 
Thus it was concluded “that freshly fallen rain water 
tends to retard tbe growth of roots of beans (Lupinus 
alius ), and that the effect is due to the radio-activity of 
the water” (loc. cit., p. 178). It was further observed 
from other experiments that “the growth in length of 
radicles of Lupinus alius is uniformly accelerated in an 
atmosphere containing radium emanation” (loc. cit., 
p. 156). The intensity of the radiation was not given in 
either case, but it was indicated, and it is undoubtedly a 
fact that tbe intensity of tbe radiation in the latter experi- 
ment was much greater than in tbe former. It would 
thus seem that, as measured by tbe growth that takes 
place without any radio-active influence, a weak radiation 
retards, while a stronger radiation stimulates the growth 
of certain seedlings. This is contrary to experience and 
to the general conclusion reached by the author that “ the 
rays of radium act as a stimulus to protoplasm. Retarda 
tion of growth following an exposure to the rays is an 
expression of over-stimulation. Acceleration of growth 
indicates stimulation between a minimum and an optimum 
point.” 

Experiments were also described in which seeds and 
seedlings were exposed in a six-inch pot to the radiation 
from 10 mgrms. of radium bromide of activity 1, 800,000. 
A preparation of 0*5 grm. of radium bromide of activity 
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10,000 was also used. Both retarding and stimulating 
effects were observed, depending on the seedlings used 
and the conditions of the experiments. It would be ex- 
pected that with a radiation of the intensity given by 
these preparations a marked effect would result, as was 
observed. The experiments are thus of scientific interest, 
but they do not give any Indication that radium can be of 
any practical value in general farming. To duplicate the 
experiments on a large scale would require a quantity of 
radium which is not available. 

Many experiments on the influence of radio-active 
matter on plant growth have also been made by Stoklasa 
(Comptes Rendus , 1912, civ., iog6; 1913, clvi., 153 ; 1913, 
civil,, 879, 1082). In one set of experiments there was 
observed the effect of adding varying amounts of uranium 
in the form of uranium nitrate to a given quantity of soil. 
Using plants of clover (Melt lotus albus ) a maximum 
increase in growth of 24 per cent was obtained when 
1 part of uranium was used to 1,310,000 paits of soil. But 
the presence of lead in the form of lead nitrate was found 
to be even more stimulating in its action, since a corre- 
sponding increase in growth was obtained with a concen- 
tration only one-eighth as great as the quantity of 
uranium which gave best results. Lead, however, is a 
rayless element, and the effects observed with it must 
have therefore been due to its chemical properties. As a 
soluble salt of uranium had to be used to give the effects 
observed, it is reasonable to conclude that these effects 
are likewise due, in a large measure at least, to the 
chemical properties of the uranium rather than to its 
radio active properties. Further evidence of the truth of 
this statement will be given later. 

In other experiments Stoklasa (loc. cit,\ made a study 
of the change in rate of nitrogen fixation brought about 
by bacteria (Aeotobacter ckroococcum) when cultures of 
these bacteria were placed in an atmosphere containing 
radium emanation. In carrying out the experiments two 
litres of air, having an activity of 150 Mache units, were 
passed daily into the vessel containing the cultures, and 
there resulted from this treatment a marked increase in the 
amount of nitrogen fixed by the bacteria. (The unit now 
generally used for expressing a quantity of radium emana- 
tion is called the curie or the microcurie t and is the amount 
of emanation in equilibrium with z grm. or 1 microgrm. 
of radium. One microcurie per litre equals a concentra- 
tion of about 2700 Mache units). It was further observed 
that the time of germination of seeds was shortened and 
an increase in the development of plants resulted when 
watered with water having an activity of from 30 to 2000 
Mache units. 

Using a concentration of emanation about thirty times 
as great as that given by Stoklasa, Fabre likewise observed 
favourable results in the germination and growth of seed- 
lings (Comptes Rendus Soc . Biol . , 1911, lxx., 187). Many 
experiments on the influence of radio-active matter on 
plants have also been made by other investigators, but, 
unlike the results just cited, the effects reported in the 
majority of cases were deleterious rather than beneficial. 

As radium emanation is an inert gas, the results obtained 
with its use can not be due to its chemical properties, as 
in the case oi uranium, but must be attributed to its 
property of being radio-active. It is thus necessary to 
conclude that radio-active material does have an effect on 
plant growth, and that when a certain concentration, but 
not too great a concentration, is used stimulating effects 
are to he expected, in some cases at least ; in fact it is to 
be expected, although not yet clearly demonstrated, that 
in greenhouse practice and in botanical research, where 
the results obtained might justify the expense involved, 
the radio-elements may prove of very great value, as they 
have done in other branches of science. When considera- 
tion, however, is taken of the scarcity of these elements, 
it does not follow from any experiment so far described 
that such elements can have any practical application as a 
fertiliser in general farming. To increase the activity^ of 
the atmosphere above the soil with radium emanation 


would not be feasible in field practice, neither would it be 
practical to add such a quantity of radio-active material to 
the soil that the emanation in the underground air would 
be increased to even the very low concentration used in 
Stoklasa’s experiments, and the same may be said with 
regard to making irrigating water radio-active. 

(To be continued). 


CHEMICAL RESEARCH. 

Government Aid Promised. 

A joint deputation from the Royal Society and the 
Chemical Society was received by the President of the 
Board of Trade and the President of the Board of 
Education at the Board of Trade Offices, 7, Whitehall 
Gardens on Thursday, May 6, 1915. With Mr. Runciman 
and Mr. Pease were Dr. Addison, M.P., Sir H. Llewellyn 
Smith, Sir L. A. Selby-Bigge, Mr. Ogilvie, Dr. Heath, 
and Mr. Percy Ashley. 

The deputation, which was introduced by Sir William 
Crookes, consisted of Professor A. W. Crossley, Dr. 
H. J. H. Fenton, Dr. M. O. Forster, Professor W. H. 
Perkin, Professor W. J. Pope, Professor Arthur Schuster, 
Professor A. Smithells, Professor J. F. Thorpe, and Mr. 
R. W. F. Harrison, representing the Royal Society; Dr. 
Alexander Scott, Professor F. G. Donnan, Professor 
Percy W, Frankland, Professor J. C. Philip, Sir William 
A. Tilden, and Dr. Samuel Smiles, representing the 
Chemical Society; Dr. A. Chapman (President of the 
Society of Public Analysts), Dr. G. G. Henderson (Pre- 
sident of the Society of Chemical Industry), Professor 
Jackson, and Mr. Edward W. Voelcker, representing the 
Institute of Chemistry. 

Professor W. H. Perkin, Sir William Tilden, Professor 
Percy Frankland, Professor W. J. Pope, and Dr. Martin O. 
Forster spoke in support of memorials from the Royal 
Society and the Chemical Society which bad been sub- 
mitted to his Majesty’s Government on the position of the 
chemical industries, and the steps which might be taken 
to improve their status and efficiency in the United 
Kingdom. The speakers drew attention to the fact that 
the comparatively backward state of certain industries in 
this country is due to a failure to realise that modern 
industry to be successful must be based on scientific 
research, and to the lack oi association between manu- 
facturers and science, combined with a want of scientific 
knowledge and appreciation of the importance of scientific 
woik amongst the public generally, and the lack of 
organisation among the various chemical and allied 
industries. 

The deputation advocated Government assistance for 
scientific research for industrial purposes, the establish- 
ment of closer relations between the manufacturers and 
scientific workers and teachers, and the establishment of a 
National Chemical Advisory Committee for these purposes. 

Government Sympathy . 

Mr. Runciman, in reply to the deputation, pointed out 
that the Board of Trade fully appreciated the extent to 
which national industrial progress is dependent upon the 
utilisation of the services of men of science, and the 
importance of provision for the thorough training of a very 
much larger number of industrial chemists than are at 
present available. He agreed with the views expressed as 
to the need of closer co-operation between manufacturers 
and scientific workers and teachers. The war had shown 
the weakness of onr position in certain important respects, 
and he was in full sympathy with the general views 
expressed by the deputation. The actual proposals would 
receive careful and sympathetic consideration. 

Mr. Pease informed the deputation that the particular 
problem* to which they bad drawn attention bad been 
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present to the Board of Education for some time past, 
and that a scheme had been approved in principle by which 
substantial additional assistance would be given by the 
Government to scientific education and to industrial 
research. He hoped that, though the funds immediately 
available might not be large, they would be sufficient to 
enable an organisation to be brought into being at an early 
date, which would be capable of expansion subsequently. 
Mr. Pease further expressed his appreciation of the offer 
of assistance and advice by members of the two societies 
represented at the deputation. 

Sir William Crookes expressed the thanks of the 
deputation for the sympathetic reception which they 
had received. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , April 29, 19x5. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows : - 

u Transmission of Infra-red Rays by the Media of the 
Eye, the Transmission of Radiant Energy by Crookes* and 
other Glasses , and the Radiation from various Light 
Sources .” By H. Hartridge and A. V. Hill. 

The different eye structures were found by us to absorb 
infra-red rays of different length to approximately the 
same extent as would a layer of water of the right equiva- 
lent thickness. From the values of the percentage 
absorption of water at different wave-length we therefore 
calculated the amount of heat absorbed by cornea iris and 
lens. The heat absorbed by the lens was found to be too 
slight for cataracterous changes to be due to direct action. 
The condition might still be caused, as Parsons suggested, 
by impairment m the nutrition of the lens, brought about 
by the action of heat rays on the ciliary body and iris. 
Samples of Crookes 1 glasses were tested by us, and were 
found to absorb the heat waves strongly, and also to some 
extent the ultra-violet. 

** Surface Tension and Ferment Action . M By E. Beard 
and W. Cramer. 

The action of a ferment on a substrate is retarded or 
inhibited by extending the surface of the system in which 
the reaction proceeds. This effect has been studied in 
some.detail in the system cane sugar — invertase. 

“ Surface Tension as a Factor controlling Cell Meta- 
bolism '* By W Cramer. 

The considerations developed in this paper are based on 
the fact, demonstrated experimentally, that the action of 
ferments is conditioned by surface tension. The great 
Burface development in the cell and the living organism 
must therefore produce conditions which markedly affect 
the action of ferments in vivo when compared with their 
action in vitro . 

It is shown how the cell may, through the factor of 
surface tension, control and regulate its metabolism. It 
is thus possible to form a conception of the chemical 
organisation of the cell without having to assume the exist- 
ence of hypothetical membranes in the cytoplasm which 
are supposed to surround the different chemical systems 
and separate them from each other. 

Lastly, it is pointed out that if the conceptions formu- 
lated in this paper are correct, substances which are 
strongly surface active, but which do not affect proto 
plasm chemically, should exercise a profound effect on 
the metabolism of the cell. This expectation is realised 
in the action of narcotic and cytolytic substances. 


INSTITUTION OF CHEMICAL TECHNOLOGISTS. 

{London Section). 

Colonel Charles E. Cassal, V.D., President of the 
Institution, in the Chair. 

Concluded £rom p 237). 

Dr. L. T. Thorne,- Ph D., F.I.C.— Mr. President, I 
cannot profess to be aBl'e-to follow many of the speakers 
who have preceded me in the high flights of oratory to 
which they have treated us, but I can claim to have a 
tolerably long experience in chemical technology, and I 
have also to admit that I owe a considerable amount of 
debt to the country that has been very strongly dealt with 
to-night. At the time I studied chemistry, which was 
a long time ago, we had in English chemical colleges 
practically no training in research work. To my mind the 
research work of the chemist is of the greatest importance. 
I was compelled to go to Germany for my finishing 
teaching, and there I came under the hand of some of 
the leading German chemists of the time. I do not hesi- 
tate to express my great debt to those men. To me the 
commencement of this war and its conduct has caused 
the deepest pain, because I have had for a great part of 
my life most intimate friends, for whom I have the 
greatest respect, among the Germans. Although I agree 
with a great deal which has been said, although one 
cannot understand the degradation to wb^h Germany and 
Germans have descended, I still cannot go quite as far as 
some of the speakers, especially my friend the President, 
have gone to-night. 

Now let us turn from the ethical side for a moment, 
which I mentioned because it gives me the key to that on 
which I wish to speak. I returned from Germany in 1880, 
and I think I was about the first to call the attention of 
England to the need of waking up in regard to technical 
chemistry. I pointed out then that we had no technical 
colleges at all, whilst Germany had dozens of such 
colleges. Even then many of the German institutes were 
on a scale at least equal to that of tne best of our present- 
day technological schools. Since then we have put up 
polytechnics and technical schools, but still even now we 
do not recognise the point of view that has been the secret 
of the schools of German technology. We do not recog- 
nise the real value of thorough research training, accom- 
panied by technical training in the cognate branches of 
technology. It has been said that in our colleges the de- 
gree is the great thing. That was equally the case in the 
German colleges, but the great difference was that in the 
English colleges the degree has been obtainable mainly by 
theory, whilst in the German colleges from the earliest 
times the degree could only be obtained by showing 
capacity for and having carried out research. 

From the point of view of the technologist, and I have 
been one for over thirty years, I do not hesitate to say 
that the particular point in my chemical training on which 
I place the highest importance is that of scientific research. 
The chemical technologist who is to take a true position 
in the works must have that groundwork of chemical 
research, because the main, or almost the mam, purpose 
of the works technologist is to be able to carry out the 
researches that are always necessary in the development 
of tbe technical industries. In Germany we had every- 
thing pointing in that way. The second point that was of 
supreme importance was that tbe manufacturer, especially 
the dye manufacturers, had already recognised the value of 
that highly trained chemical technologist and research 
chemist. Even when I was in Germany some works had 
something like eighty or a hundred trained university men 
in their works. The board of directors or the heads of the 
firms were themselves highly trained men. When we come 
t~> this side of the question in England we find absolutely 
the reverse. Even at the present time, when the attempt 
is to be made to regain the dye industry for England, we 
have so scandalous a state of things that the prospectus 
of the new dye company contains no man on the board 
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who has a scientific knowledge of the subject he has to 
deal with. The chemist, on whom the whole matter is 
dependent, is relegated to a back room. Unless we wake 
up to the fact that where we have to deal with scientific 
manufacture we have to place the actual control of these 
scientific works in the hands of scientific men, we cannot 
fight against our competitors. It has been said that we 
can take the dye industry by force. That may sound 
nice, but it is not practical. You cannot take an industry 
like that. You cannot take the brains of the Germans 
away, or devote to our works their brain power, but you 
must take to a certain extent their method in developing 
the industry. The position of the works chemist is too 
often a scandalous one. The number of works where the 
chemist is given a free band to spend money within reason- 
able limits as required, and is backed up by the head of 
the firm, is, lamentable to say, very small indeed, but it is 
necessary that it should be augmented. Mr. Dibdin has 
shown you how scandalous is the lack of appreciation of 
scientific work, and of the position that it ought to take, 
in the case of the London County Council. We must 
take the view that science must be recognised more, that 
the position of chemical technologists must he more 
pressed on the view of the commercial man, and unless 
we can effect that, any protection or anything else will 
not enable us to maintain our supremacy. 

To give one instance in the dye industry. As long as 
that dye industry had at the head of the firm the man who 
initiated it in England and carried it on successfully, Dr. 
Perkin, a research chemist of the highest genius, so long 
was it maintained in England against the competition of 
Germany. As soon as it became a public company and 
the board consisted merely of commercial men, then 
England began to fall back and Germany came forward. 

Unless we can recognise the state of things, and recog- 
nise the need for following in the footsteps of our enemies, 
we shall not maintain or regain our position, and our 
present efforts will be futile. 

Mr. Percy C. H. West, F.C.S. (Secretary)— -Mr. 
President, the last speaker has referred to the value of 
technical research. We know that the organic chemical 
industry in Germany is of enormous size, and we know 
that this country occupies a negligible position. I think 
Dr. Thorne is right in pointing out that this industry is 
founded on research. As far aB quantity is concerned we 
may produce a smaller amount of purely scientific research 
than the Germans, but the value of it is no less great. It 
has been said that our intellectual output in this direction 
so far as value is concerned Is not inferior to that of other 
nations, bat I do not intend to speak in support of that 
view. It is not much smaller, I think. Thus the capacity 
for research exists in us. A good impression of the amount 
of technical chemical research done in Germany can he 
obtained from the patent applications In this country. For 
example, in 1884 to 1888 in Class 2 (organic adds, salts, 
and other compounds) there were 240 applicants and 
roughly 400 patents. The average works out at 1 *6 patents 
per applicant per four years, but the applications in the 
names of font German firms works out at 63. They are 
thus responsible for 16 per cent of the applications in this 
clasa. In 1889 to 1892 these four firms had 189 applica- 
tions. In 1893 to 1896, 261, and in 1904 to 1908, 356, 
out of about 1900 applications. It might be argued that 
the law requires that a patent shall be taken out in che 
name of the inventor, and hence that in the case of British 
applicants the patents would be in the names of individual 
inventors, but the President pointed out that the agree- 
ments are such that in law probably the employer is held 
to be the inventor. The inventor's name appears in the 
application, and if these firms had been interested in these 
things, if they promoted the patents — if they were the 
prime cause of the patents being applied for — they would 
in any case have insisted on their name being in the 
application as co-applicants. The three largest British 
firms engaged in this industry were responsible, solely or 
as co-applicants, in the period 1904-1908, for 18, 5, and 3 


applications. The classification has been altered. In the 
class called “2 iii. dyes, & c.” in 1012, there were 426 
applications. Of these, 39 presumably are m the names 
oi British applicants, that is, there is some possibility that 
they were applied for by British subjects. Thus you have 
426 applications, 39 being by British subjects. Four firms 
account for 155 of these. These four account for 38 per 
cent. That, I think, is a dear indication of the way the 
Germans look on research. It indicates the intellectual 
output of the industry. We know that the consumption 
of dyes in this country is believed to be three millions, of 
which two millions are imported from Germany. It is 
necessary if we are to have a chemical industry that we 
should encourage research, as the material output is inti- 
mately bound up with the intellectual output. It is 
curious that in this country but little value is placed on 
research. Research is a gamble. Individual research may 
lead to nothing. We are prepared to take our gambles — 
some do it on horses or the Stock Exchange, but every 
body agrees that chemical research is a gamble. In certain 
cases people finance research. They finance it, — but do 
they finance the right people ? They go in for what are 
regarded as epoch-making inventions. Epoch-making 
inventions do not make fortunes, but it is the small 
inventions that do. Of the applications for patents by 
these German firms many are for small inventiona, hut 
they are of value. Many are stepping stones. Many are 
in the nature of blocking patents. The Patent Act of 1907 
was designed to restrict these blocking patents, but it had 
no effect m this direction. If you take out a patent in a 
field that is covered by an individual firm, it is opposed. 
If the opposition has no possibility of success, the grant 
will be opposed just the same. The Germans m business 
are carrying out their operations with the same object that 
they have in view and by the same methods by which they 
are carrying on the war. They will crush you or buy you 
out. They are prepared to buy you out, but they will 
crush you if they can. That is the point, They recognise 
the value of research, whereas here it is regarded as un- 
remunerative labour. I was speaking to a director of a 
concern engaged in the production of a material which had 
to be made up to a specification. He said “ I always 
regard chemistry aB a toy ; I do not think there is much 
in it — it is unproductive labour.” I said, « What about 
the ledger clerks ? ” He said, '‘Of course, they are doing 
something.” I said, w Yes, they are, is their labour pro- 
ductive ? ” He said, “ I could not get on without them.” 
I said, u Could you run the works without chemists ? ” He 
said, “No, perhaps not, but we used to.” I was acquainted 
with their material before they employed chemists, and if 
anyone needed chemists the BO-called tests indicated that 
they did. Many other people regard science in the same 
manner as he. 

My point has been to urge that there is a need for 
research and generally for a better recognition of the value 
of chemistry, and to this end we most educate the directors 
and financiers. Some of us know what they are : they 
have no recognition of the value of these things. There is 
one other matter on which Dr. Thorne supported me, or 
rather on which I support him. Mr. Darling said the 
cousins of proprietors are put into the works, and that is 
so. They are given a classical education and they want 
to make money. They have not that insight which the 
men who build up the business have, and they have not 
been given an education which causes them to realise the 
value of the chemist. Hence in their view and in their 
works the chemist occupies an unimportant position. 
Then Mr. Darling also referred to the meanness of the 
chemical manufacturers in the matter of pay. There is no 
need to refer to that for it is generally known. Mr. Dibdin 
has referred to the London County Council. It might be 
thought that the London County Council would be on a 
somewhat higher plane than a board of directors, but we 
see them acting as a had board of directors in dispensing 
with their chemical staff or putting it under the nominal 
i control of persons who are totally unacquainted with 
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chemistry because their training has been such that they 
are unable to appreciate the value of science. There 
can be no better illustration of the public attitude towards 
the chemical technologist than the case to which Mr. 
Dibdin has referred. 

Dr. Frank L. Teed, D.Sc. (Lend.), F.I.C. (Vice- 
President), Public Analyst for the City of London, &c.— 
Mr. President, the subject for discussion is the Future of 
British Chemical Industry, and I fancy one or two of the 
speakers have wandered away from it, possibly on account 
of the largeness of the subject and the difficulty of pro* 
phesying. There may be no future for it, or a brilliant 
future. We have been discussing the future of the 
industrial chemist rather than that of chemical industry. 
A meeting cannot pass cut-and-dried resolutions that 
English manufacturers or chemists should do this or that. 
We have such a huge mass of material to consider. We 
have to consider the education of the chemist and we have 
to consider whether any protection of any kind will make 
the chemical industry flourish. There you come into the 
maze of politics. You cannot expect the meeting to come 
to a unanimous conclusion. I ask this meeting to suggest 
to the Council of this Institution that they should appoint 
a committee to sit from time to time to consider the many 
questions involved and, when it is thought desirable, to 
report the conclusions they have arrived at. Each speaker 
has opened a wide field— the question of education and 
remuneration, and the possibility of the dye question, 
which is one of the smallest chemical industries. We wear 
three or four suits of clothes in a year, but we consume 
drugs to the value of the dye in our clothes to a much 
greater extent. We use metal to a greater value than that 
of the dyes which we consume. The dye question seems 
to me a minor point. There are three million pounds 
worth of dyes used in the kingdom, and there are forty- 
four millions of people ; that means a very small expendi- 
ture per head— that is about one-fifteenth of a pound, 
is. 4d. per head. If you consider the food question, most 
of us on spirits alone expend more than is. 4d. in the 
course of a week. I suggest that we ask our Council to 
take it into consideration, and to appoint a committee to 
look at the various aspects, not merely to go into a branch 
like the aniline dyes, but to take all the trades generally. 
The extraction of ores is treated by a particular class of 
chemists termed metallurgists, not usually classed as 
industrial chemists. I throw this suggestion out to keep a 
permanent eye on the future. 

The President— I will accept Dr. Teed’s suggestion 
for a permanent committee to be appointed to watch the 
possible developments in the directions indicated. I accept 
the suggestion on the part of the Council. 

Dr. L. T. Thorne, Ph.D., F.I.C. — Might I say one 
word with reference to the matters referred to by Mr. 
West. In the four companies which be referred to the 
chemists employed number over Soo, ar.d the directors 
number amongst them a large number of scietitific chemists. 
I believe these boards recognise that if one chemist out 
of, say, twenty makes a discovery leading to a successful 
patent they are repaid. They do not expect every chemist 
to turn out researches by the dozen, as most of our English 
firms seem to do. 

The President— I do not propose myself to add any- 
thing further to the discussion, but I should be glad to 
know if anyone else desires to address the meeting. 

Dr. Walpole, D.Sc. (Mel.), F.I.C. — I did not dream 
I should speak when I came in, but there are one or two 
points raised in this discussion to which I should like to 
refer. When I started trying to earn a living as a chemist 
I got a university degree, and I had enough money to live 
for six months, and I thought I would go to Germany. 
I answered every advertisement, and offered to go for 
nothing. I could not get any work although I offered to 
work for nothing. I got no opportunity whatever. I do 
not think I need labour the moral. Mr. Dibdin has told 
us a lamentable story of the cement industry. I say that 
jt is only by (be education of the chemist, supplemented 


by the education of the employer, that it will be possible 
successfully to fight Germany. 

Mr. J. J. Eastick, A.R.S M„ F.I.C. — Mr. President, 
I have nothing special to say. I am in an off-shoot of 
chemistry ; the industry with which I have been identified 
is sugar. This meeting, I take it, desires to do some- 
thing practical. I was pleased to hear that you accepted 
the suggestion on behalf of the Council to have a perma- 
nent committee. I hope they will arrive at some conclu- 
sion which will benefit the industries of England. I 
understand from what we have heard to-night that one 
thing we ought to do is to pass a vote of censure on our- 
selves as chemists for our lack of enterprise and of energy. 
1 blame ourselves to a large extent. I do not go so far 
as to blame the manufacturers and directors. Take the 
position we are in to-day. The two things that frightened 
our Government were sugar and aniline dyes. They saw 
the country was going to have a famine, or something 
approaching it. To listen to these speakers one would 
think we could not make one or the other. But take our- 
selves back sixty years. Who held the premier position ? 
England, both in aniline dyes and sugar. In dyes, they 
originated here, not there. Why did we lose our premier 
position ? I think the whole thing hinges on that ; if we 
solve that question we solve the question whether we are 
to regain that position in the future. I mean it is not a 
question of politics, for I blame both paities. I say it 
because we have always had a conspiracy by the German 
States, by the patrons of industry in Germany and the 
whole German State, to crush every industry we have. 
They have tried to annihilate the sugar industry and the 
dye industry. It is our fault ; if we had taken steps to 
counteract the measures they took things would have been 
different. We knew they were giving bounties and wftbsl- 
dies ; we knew they were levying such high taxes to fight 
England. They considered what extra profit their manu- 
facturers could make on sugar; it amounted to five 
millions, and it was devoted to crush English sugar. The 
same thing took place in the dye industry. The dye 
industry is a small stream. We put it down at three 
millions, but it is less than that. It is an important thing 
that we held the premier position, but allowed otitoelves 
to be ousted. It is because we allowed this gigantro trust 
or conspiracy to arise in Germany and gradually crush the 
English manufacturer. The English manufacturer had 
no chance. The English manufacturer has not had 
money to go into research ; his money has been extracted 
from his pockets and put into the pockets of Germany. 
(Hear, hear.) I do not blame the manufacturers in this 
country. I say in some cases chemists have gone into the 
works and, as Mr. Darling pointed out, they have not 
been fit — their training has not enabled them to take a 
proper position in the works. I do not mind saying that 
when I left college I went into a sugar works and there 
was an instrument on the table. It was for polarising 
sugar solutions. I did not recognise it— I did not know 
what it was for. It was three days before I found out 
that they used an instrument for polarising sugar solutions, 
and I was five years at college. Mr. Darling belongs to a 
technical college, and I was pleased with what I heard of 
the college from which be comes, and I sent my two sons 
there. My experience is, when I have taken an assistant 
who is a university man, that he has not got that training 
which enables him to take an immediate position in the 
works; be must go through a period of probation. The 
colleges should make themselves practical. There should 
be a period of probation in some works, otherwise the 
university man goes into a works and be is asked to do 
this or that, and he makes a failure : be does not recog- 
nise the polariscope, therefore he gets into bad odour. He 
does not understand his business. 

The President— I am going to ask you, gentlemen, 
to pass a special vote of thanks to the Institution of 
Mechanical Engineers for their hospitality in allowing us 
to use their hall for this meeting. (The vote of thanks 
was unanimously passed). I thank you for your attend- 
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ance, gentlemen. We have bad an interesting and satis- 
satisfactory discussion, which I hope will be published. 

Mr. William Thomson — We should pass a vote of 
thanks to the President, who has placed before us the sub- 
ject of debate in so excellent a manner. I think the result 
of that debate has been exceedingly interesting. (The 
vote of thanks was unanimously carried). 

The President— I thank you for your courtesy, 
gentlemen. 


PHYSICAL SOCIETY. 

Ordinary Meeting , April 23, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

A paper, ** On the Theories of Voight and Everett regard- 
ing the Origin of Combination Tones” by Prof. W, B. 
Morton and Miss Mary Darrauh, was read by the 
former. 

Voight connects the existence of difference and sum- 
mation tones with the fact that the stationary points of 
the compound vibration-curve, when the primary tones 
have equal energies, can be grouped in a certain way on 
sine curves, which recur in the periods of these combina- 
tion tones. As against this view it is urged— (1) That, 
the same points can equally well be grouped on a whole 
series of curves with other frequencies ; (2) that the dis- 
tinctness of the combination-tones would on this theory 
vary greatly with phase-relationship of the primaries ; 
(3) that the tones would disappear when the energies of 
the primaries are not very unequal. Voight applies a 
similar method to the case where the upper tone is weak 
compared to the lower to account for Koenig's second 
beat-tone. The first of the above objections again 
applies. 

Everett supposed that the distortion of the vibration- 
curve in passing through the ear would bring in the note 
whose frequency is the highest common factor of the 
primary frequencies. The effect of a special kind of dis 
tortion has been tested, consisting in a proportional 
reduction of ordinates in one direction. The result does 
not confirm Everett’s contention, but shows the appear- 
ance of the summation and difference tones. 

Discussion. 

Mr. F. J. W. Whipple thought the matter was an 
extremely interesting one, and that the type of distortion 
assumed by the authors was very feasible. He suggested 
that an amplification of the theory might be applicable to 
musical instruments. For example, much of the beauty 
of the tones of a violin was attributed to the presence of 
many additional notes besides the fundamental/ Quite 
possibly an asymmetry in the vibrations of the sounding 
board was responsible for the addition of combination 
toneB of the higher harmonics. 

Mr. D. Owen referred to the case of a man who had no 
ear-drums, but could nevertheless hear combination tones, 
which Prof. Morton had cited as an instance in which 
unsymmetrical vibration of the receiving system could not 
be the cause of these tones. He presumed that this subject 
was very deaf, and that any sounds which he could hear 
at all would! be very loud. Consequently, there would be 
violent displacements of the bones of the ear, and one 
would expect considerable asymmetry in their vibrations. 

Dr. Russell thought that the authors had without 
doubt completely demolished Voight's theory, which 
seemed to have no physical basis whatever. With regard 
to the unsymmetrical vibrations of the drum, he supposed 
Helmholtz in his investigation had treated the tympannm 
as a thin plate, but the attached bones and adjacent fluid 
would render the problem much more complex. 

Prof. S. P. Thompson communicated : —Though it is 
well to discuss the theory of combination tones it is much 
more important to be certain first what are the facts, to 
account for which some theory is required. Hence I raise 


the vital question of what the facts are : According to von 
Helmholtz, the combination tones are of two kinds, 
differential and summational. That is to say, when two 
tones of respective frequencies m and n are simultaneously 
sounded, the ear bears the difference tone, of frequency 
m—n, and the summation tone, of frequency i»+» ; and 
these are ear-manufactured, and cannot be heard in any 
resonator, and have nothing to do with beats. According 
to Koenig, the combination tones are simply beat-tones 
(and were so regarded also by Thomas Young), and cannot 
be heard in any resonator. If any supposed combination 
tone is heard in a resonator, that is a proof that it exists 
objectively in one or other of the two primary tones, and 
that, therefore, one or both of the two primary tones is not 
a pure tone, but contains the alleged combination tone as 
a harmonic. Koenig found that beats and beat-tones fall 
into two series (called superior and inferior), corresponding 
respectively to the two remainders — positive and negative 
— to be found by dividing the frequency of the higher tone 
by that of the lower tone. Thus, let the two primary 
frequencies be 40 and 74. Then, if we divide 74 by 40, it 
goes once with a positive remainder of 34, or it goes twice 
with a negative remainder of 6. Koenig heard, in these 
circumstances, a rapid beat (inferior) of 34 and a slow beat 
(superior) of 6. If we take as primaries the note of 
frequency 3328 and the note 2048, there will be heard, 
according to von Helmholtz, the difference tone 1280 and 
the summation tone 5376. According to Koenig, there 
will be heard the (inferior) positive remainder 1280 and 
the (superior) negative remainder 768. As a matter of 
fact, two tones are heard, the stronger being 768 and the 
weaker 1280. The summation tone 5376 is not heard at 
all. If we take, again, two forks giving 2304 and 1024, 
the only combination-tone heard is 256, which is neither 
difference nor sum. It is the (positive) remainder heard 
by dividing 2304 by 1024. Voight’s theory accounts for 
this, von Helmholtz’s does not. Koenig, who in his life- 
time tuned with his own hands some tens of thousands of 
forks, and used the beat-tones to determine the tuning of 
his high-frequency forks of inaudible pitch, had never been 
able to hear any tones corresponding to the summational 
numbers. They simply do not exist if the primary tones 
are pare. 

Prof. Morton, in reply, said he could not say how far 
combination tones might be produced by the sounding 
board of a violin. They certainly could be produced by 
the membrane of a telephone receiver. He had not 
quoted the man with no ear drums as a case in which 
asymmetry was not responsible for these tones, but only 
as one in which we had to go farther back than the 
tympanum for the seat of this asymmetry. A German 
author had tried to locate this in the motion of the fluids 
of the ear. Helmholtz’s investigation of the vibration of 
the drum was even less satisfactory than the Chairman 
had supposed, as he treated it simply as an oscillating 
particle. The analysis had more recently been extended 
to the case of a membrane and similar results obtained, 
but even this was still remote from the actual case of the 
ear drum. 

A paper, entitled u Experiments on Condensation Nuclei 
Produced in Oases by Ultra-Violet Light” was read by 
by Miss Maud Saltmarsh. 

1. Nnclei produced in air by ultra-violet light which has 
traversed a few centimetres of air are not affected by an 
electric field of 50 volts per centimetre. 

2. The nnclei are equally effective in producing con- 
densation of water, toluol, and turpentine vapours, and 
they are formed even by light which has traversed 50 cm. 
of air. 

3. Alcohol vapour condenses without expansion on much 
smaller nuclei than does water vapour. 

4. No nuclei were formed by the light unless Oxygen or 
CO2 was present in the gas. 

5. No trace of H a O* could be detected in the clouds 
formed on the nuclei. 
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6. Oxygen containing ozone also contains nnclei for 
condensation, and these nuclei have similar properties to 
those formed by ultra-violet light. 

7. The nuclei can be destroyed by heating the air con- 
taining them. 

It seems probable that the nuclei formed by ultra-violet 
light do not cause condensation by virtue of any particular 
chemical composition, but that they are particles large 
enough to act like dnst particles as centres round which 
condensation can begin. 

Discussion. 

Prof. O. W. Richardson said the author had succeeded 
in eliminating a number of substances to which these 
effects had from time to time been attributed. The method 
employed was extremely sensitive, one or two ions being 
easily detected. Of the various substances eliminated the 
only one which he was not quite certain of was ozone. 
The elimination of this seemed to rest on the results of 
Lenard and Ramsauer. Did the author think these results 
were absolutely conclusive ? 

Mr. D. Owen said that the explanation of the action of 
ozone in causing clond formation was difficult if regarded 
as a direct effect. Possibly ozone acting on water vapour 
might give rise to hydrogen peroxide, m which case the 
suggestion of Mr. C. T. R. Wilson of a lowering of the 
saturation vapour pressure would apply. However, the 
failure, in the case of fogs produced by ultra-violet light, 
to detect hydrogen peroxide by the titanium oxide test, 
which, according to Dr. Senter, can detect one part of 
hydrogen peroxide in ten millions, seemed to exclude the 
action of hydrogen peroxide. As a possible alternative, 
the agency of oxides of nitrogen might be suggested. It 
would be of interest to test whether the phenomenon 
occurs when nitrogen is entirely excluded. In conjunction 
with chemical tests of amount present, quantitative data 
enabling the resulting lowering of the vapour pressure to 
be calculated should enable the problem in question to be 
definitely solved. 

Dr. El. Borns remarked that the detection or identifi- 
cation of hydrogen peroxide was not always easy. In 
experiments of the kind described in the paper effects 
might be ascribed to hydrogen peroxide which were really 
due to nitrogen oxides. Such oxides would be produced 
when air was drawn through hot quartz tubes, and might 
help to account for the peculiar observations mentioned in 
the last part of the paper. 

Miss Saltmarsh, in reply, was not aware of any work 
having been done on the effect of oxides of nitrogen in 
producing condensation nuclei. In reply to Prof. Richard- 
son, Lenard and Ramsauer had not stated that ozone was 
ineffective. They laid great stress on the presence of 
minute quantities of impurities. They attempted to get 
rid of these by condensing them out at low temperatures. 
They held that the ozone reacting on these traces of 
impurities was instrumental in producing the effects. 

A paper, entitled M On the Self-induction of Solenoids of 
Appreciable Winding Depth” by Mr. S. Butterworth, 
was taken as read on account of the lateness of the hour. 

The existing formulae for coils of this type — viz,, those 
of Rosa and Cohen— are shown to be inaccurate, the error 
amounting to one fifth of 1 per cent for the best 
formula when the winding depth is one-tenth the diameter 
of the coil. For greater winding depths the error is larger. 
The inaccuracy in Rosa’s formula is due to the neglect of 
curvature in correcting for thickness, while in Cohen’s 
formula the error is due to the approximate method of 
development. 

New formulas are developed by methods which are free 
from such approximations, and which apply to any coil for 
which the length is greater than twice the diameter, and 
the winding depth is less than one-tenth the diameter. 
These formulas are capable of giving eight-figure accuracy. 

Simplified formulas are also given which are suitable 
when only four-figure accuracy is required. 
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NOTICES OF BOOKS. 


Directory of Paper Makers, 1915. London : Marchant 
Singer and Co. 

The Paper Makers’ Directory for 1915 contains carefully 
compiled and authenticated lists of paper makers in the 
United Kingdom, and also of trade designations, including 
both actual water-marks and trade names. A short 
section on paper trade customs has been added, and a 
complete directory of paper makers suppliers. 


MISCELLANEOUS. 

Imperial College of Science and Technology, 1915. 
— The London County Council will be prepared to award 
for the Session 1915-16 a limited number of free places at 
the Imperial College of Science and Technology, South 
Kensington, S.W. The free places will be awarded on 
consideration of the past records of the candidates, the 
recommendations of their teachers, the course of study 
which they intend to follow, and generally upon their 
fitness for advanced study in science as applied to in- 
dustry. Candidates will not be required to undergo a 
written examination. It is possible that the free places 
may be extended to two or more years. The conditions 
are as follows : — (a). Parents (or gnardians) of candidates 
must be resident within the administrative County of 
London, except in the case of self-supporting candidates 
over twenty-one years of age on July 31, 1915, who must 
themselves be resident within the county, (b). Candidates 
must be day students at an approved institution, and must 
have been in regular attendance at an appropriate course 
of study for the last two sessions, (c). Candidates will be 
required to show that they are qualified to enter on the 
fourth year of the course of study selected. The fourth 
year of a course at the Imperial College is in the nature of 
a post graduate course. Application forms (T. 2/268) 
raajhbe obtained from the Education Officer, L.C.C. 
Education Offices, Victoria Embankment, W.C., and 
mnst be returned not later than Saturday, May 22, 1915. 


NOTES AND^ QUERIES. 

Block Gambier.— -Motor Oil.— Can any correspondent (through 
the medium of your valued publication) give me a method for deter- 
mining the moisture in block gambier, and does it decompose at, say, 
105 s C. ? Also, at what temperature the viscosity of cylinder oil for 
petrol motor cars is usually taken by the Sir B. Redwood test’— 
Percy W. Weston. 


MEETINGS FOR THE WEEK. 


Monday, 17th.— Royal Society of Arts, 8 (Cantor Lecture). “ Food 
stuffs,” by David Sommerville, B.A., M.D. 

Tuesday, 18th.— Royal Institution, 3. 11 Advances in the Study of 

Radio-active Bodies,” bv Prof. F. Soddy, F.R.S. 

Wednesday, 19th.— Microscopical, 8. “The Male Genital Armature 
of the D*tmaptera, u by Dr. Malcolm Burr. 
Exhibition of Microscopic Aquatic Life. 

Thursday, 20th. — Royal Institution, 3. “The Movements and 
Activities of Plants,” by Prof. V. H. Blackman. 
F.RS. 

Royal Society. M Corpuscular Radiation Liberated 

in Vapours by Homogeneous X-radiation,” by 
H. Moore. “Absorption in Lead of y-Rays 
emitted by Radium B and Radium C,” by H, 
Richardson. “ Application of Interference 
Methods to the Study of the Origin of certain 
Spectrum Lines,” by T. R. Merton. 

Chemical, 8.30. “New Method of Estimating 

Bromine and Chlorine in Organic Compounds,” 
by P. W. Robertson. “Contributions to the 
Study of Acenaphthylene and its Derivatives,” 
by B. Campbell. 

Friday, 21st.— Royal Institution, 9. “Beauty, Design, and Purpose 
in the Foramimfera,” by Edward Heron-Alien. 

Saturday, 22nd.— Royal Institution, 3 “Colouring Matters of the 
Organic World," by Dr. M. O. Forster, F.R.S. 


Meetings tor the Week 
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A SERIES OF NEGATIONS.* 

By J. ECHEGARAY, 

President of the Academy of Sciences of Madrid 

Jusras in geological evolution there are periods of calm 
and relative stability, and, following on them, others of 
great violence, when we may say that the schematic curve 
of evolution has its tangents nearly perpendicular to the 
time-axis— as in the transformation of human society there 
are periods when the established order remains nearly 
constant, as if society had reached a state of equilibrium, 
and other periods of great revolutionary agitation when 
progress is not content to increase slowly, but seems to 
leap up to reach higher levels— as in literature, the classical 
epochs, which are also times of equilibrium, are followed 
by romantic unrest and modernist extravagances - so in 
physical science stability and equilibrium are followed by 
volcanic eruptions, revolutionary transformations, and a 
certain species of scientific modernism. 

In the sphere of intellect, as in human society, these 
epochs of upheaval and violence are preceded by criticism 
which is always severe towards the past and seeks per- 
fection in the future. 

This criticism proceeds by negations. It seeks out the 
pillars which support the ancient order and tries to under- 
mine them one by one in such a way that if its object 
were attained the whole edifice would fall in ruins 
at once. 

For some years physics and, in particular, mathematical 
physics, has been passing through a great crisis. Classical 
science, that of Galileo, Newton, Laplace, Lagrange, 
Cauchy, Gauss, Coulon, Ampere, and many others — I am 
forced to stop, otherwise the list would be interminable — 
this science, founded almost entirely upon the mechanistic 
hypothesis, has been, and is still being, subjected to an 
implacable criticism ; on its supposed ruins, total or partial, 
men of great talent have been forced to raise up a new 
science, modern science, and after the modern comes 
modernism. 

The criticism to which we refer, though sometimes much 
exaggerated, is always worthy of study and reflection, and it 
has formulated, and continues to formulate, a series of nega- 
tions which does not seem to have yet arrived at its limit, 
and which goes on indefinitely. 

It is this series of negations which we intend to 
enumerate in the present article, without pretending to 
pass judgment on them, merely confining ourselves to 
making some observations upon them in passing. 

I. 

The first negation which we meet, the first pillar of the 
classic edifice which criticism is undermining, is that of 
action at a distance, or rather instantaneous action at a 
distance. 

In the old system of mechanics, that of Galileo and 
Newton, force, in a word universal attraction, was 
superior to time and space. The most minute particles of 
matter, the smallest grain of sand on the beach, the most 
insignificant drop of water in the ocean, an atom of the 
air we breathe, are all in instantaneous communication 
with all the matter of the universe ; so small, so minute a 
particle attracts the whole sun, the entire mass of Neptaue, 
the uttermost limit of the nebulous distance, and in their 
turn all these minute particles of matter are attracted by 
all the astronomical masses. Everything attracts every- 
thing else. And the law of attraction is very elementary, 
very simple, very amenable to mathematical calculation ; 
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the attraction is proportional to the masses and varies 
inversely as the square of the distances. 

But if enthusiasts have said, and still say, “ matter 
attracts matter in accordance with this law, 9 ' the prudent 
add “in natural phenomena things behave as if matter 
attracted matter proportionally tome masses and inversely 
to the square of the distances. Belief in universal attrac- 
tion has brought about wonders, and attraction, real or 
supposed, has served as the basis of all astronomical 
science. So that this negation, however important it may 
be for scientific philosophy, does not shake or shatter the 
grand monument of celestial mechanics. It is sufficient 
that the facts should justify the formulae and should agree 
with them within the limits of approximation necessary 
for classical science to subsist independently of any 
philosophical interpretation. 

But the negation of action at a distance is accom- 
panied by another, namely, the negation of instantaneous 
action. 

Common sense applied to science agrees with criticism 
(which has been sometimes accused of pettiness and 
materialism) when they affirm that a body cannot exert 
any action at a place where it is not; that a*drop of the 
ocean cannot have any influence on Neptune and attract 
it across millions of kilometres, and that this attraction 
could not travel across space with an infinite velocity like 
a spiritual thing. 

It is evident that the defenders of metaphysics will not 
accept these negations which they regard as clumsy, 
without opposing them with affirmations which are as 
incisive as the negations. To an idealist, or to one who 
is doubtful about the material reality of phenomena, neither 
action at a distance nor instantaneous action is as absurd 
or impossible as they appear at first sight. In this article 
we do not propose to discuss the fundamental points of 
the question, but only to enumerate the negations. In 
any case, even if the negations are admitted to be 
established, they substitute nothing which absolutely 
satisfies reason, for if it is agreed that the attractive forces 
of the astronomical world, or gravitation, are transmitted 
through Bpace step by step, and with a known velocity 
which would be either that of light or some other velocity, 
the difficulty is by no means explained ; putting it that 
way only transfers it from the infinitely great to the 
infinitely small. 

If, for example, action at a distance is impossible 
between the sun and the earth unless there is some inter- 
mediate substance, there is the same difficulty in admitting 
the occurrence of attractions and repulsions between two 
atoms. Millions of kilometres are as important as 
millionths of millimetres. Pascal said, if I make no mis- 
take;— u The infinitely small is a mask of the infinitely 
great ; it is the giant disguised as a dwarf.” 

It seems as u an explanation of this transmission of 
force could be obtained by admitting the continuity of 
matter; but this problem of continuity and discontinuity, 
which is very obscure in its atmosphere ol metaphysics, is 
itself one of the negations of the series which we sbal 
mention. 

We can summarise what has gone before in the two fol- 
lowing negations ; — (i.). Negation of action at a distance, 
(ii.). Negation of instantaneous action. We may add that 
neither of these detracts from the reality of classical 
science, nor destroys its harmony with facts within the 
limits of approximation to which human science can 
attain. Amateurs discuss scientific philosophy, hut the 
practical astronomer and the mathematical astronomer by 
their observations persevere in their celestial mechanics 
and their action at a distance, at any rate practically 
instantaneous. 

II. 

Whether action at a distance exists or not, and whether 
it is instantaneous or not, another negation may be added 
to the other two, which, however, ts not of the same 
importance— the negation, in many cases, of central 
forces. 
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In order to apply astronomical theories, suitably adapted, 
to molecular mechanics, and in particular to apply the 
mechanical hypothesis in all its purity, many mathe- 
maticians, and among others Cauchy, have reduced all the 
phenomena of physics so tiiat the equations of dynamics 
can be adapted to systems of material points between 
which central forces develop astronomical systems in 
miniature. 

But experience has shown that this is a hypothesis 
which cannot always be admitted to be exact. It occurs 
to the mind at once that forces exist in Nature which are 
not central. The action between an electric current and a 
magnet is certainly not a central force ; the magnet tends 
to turn round the current or the current round the magnet. 

When two infinitely small masses ate homogeneous and 
surrounded by a homogeneous medium, in such a way that 
the straight line which joins the two points is an axis of 
the system, there is no reason why the force should not be 
central, and the old argument of the sufficient reason is 
convincing to the human mind. But if the two centres of 
action are asymmetrical and the medium in which they 
are is not somewhat symmetrical, without having recourse ! 
to modernism at all, the old theory of mechanics would 
give resultants which would not coincide with the line 
of centres. 

Thus this negation of central forces has an incontestable 
power in many cases ; hence, Henri Poincard amongst his 
admirable works has published a theory of elasticity in 
which he completely discards central forces, substituting 
for this hypothesis the fruitful conception known under the 
name of function of forces. In this his work is funda- 
mentally differentiated from the classical theory of Cauchy 
and his disciples. 

We may then add to the two first this new negation 
although there is in it nothing revolutionary or dangerous ; 
it unassumingly occupies one place in the general list. 

III. 

We will now criticise a concept which dominates all 
classical science— force. 

We cannot see force directly, but we feel it when we 
exercise a pressure on a body or when we pull. In fact, 
we are conscious of force though in a vague form, con- 
fusing it more or less with energy. Force dominates all 
classical mechanics, and we are so accustomed to see it 
represented graphically by a straight line terminated by an 
arrow that it is not easy for us to separate the abstract 
idea from its graphical representation. 

We see it almost materialised in reality ; in the thread 
or the string when systems are submitted to tension, or in 
the bar when they are compressed, or in the different 
pieces of an iron armature. Even in electricity Faraday 
imagined tubes of force, and we constantly speak of lines 
of force and determine their equations. 

However, certain critics consider force as a pure 
idealism, rather as a pure abstraction, and they do not 
need more to increase the series of negations of modern 
philosophy by one more negation. 

Force they say is not a reality ; it must be replaced by 
a true reality which is energy ; from this has resulted the 
modern theory of energetics, with its youthful ambitions 
and its inconsistencies as they may be called with ail due 
respect. Strictly speaking, force can be an abstraction ; 
it is useless to deny it, but that is not sufficient to 
destroy this pillar upon which classical mechanics is so 
solidly based. For science and even popular opinion are 
founded on abstractions. Must the mathematical point be 
rejected because it is an abstraction when compared with 
the line ? Must the line be depreciated because it is an 
abstraction in comparison with the surface or the surface 
in comparison with the volume ? Abstraction in science 
signifies neither nullity nor negation. It is only that 
human intelligence cannot penetrate into the absolute nor 
encompass it as it would like to ; it has to concentrate 
itself in the finite, and in order to attain the finite it 
must proceed by a series of abstractions. If force is an 
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abstraction in comparison with energy a dimension of 
mechanical energy (if such a comparison is valid), why 
should not energy also be an abstraction in comparison 
with more comprehensive realities of a higher order ? But 
we bad better pause on this road which would inevitably 
lead us to the domain of metaphysics. 

To return to practical matters, we may say that force, 
like any other physical concept, as soon as it can be 
measured passing from a quality to a quantity 1 can also 
be expressed numerically like any concept of quantity, and 
can enter into mathematical formulae and take a place in 
theoretical and in experimental science, and in their cal- 
culations from the simplest to the most complicated. 
When this stage has been reached it is not easy to make 
an abstraction of it either in classical or modern science. 
Thus even in the most modern theories force constantly 
appears with its direction, its magnitude, and its character- 
istic arrow, and with the mathematical formulae of its 
components. 

But in the evolution, or we may call it the crisis, of the 
old mechanics and mathematical physics, if up to the 
present it has exerted an undisputable hegemony, this is 
now challenged by a new comer which aims at universal 
sway, overruling force if not annihilating it. We allude 
to the concept of energy. One might almost say that force 
itself has created this powerful rival by creating mechanical 
work which is a form of energy, and by creating in 
dynamics kinetic energy or living force. Then energetics 
has peopled nature with many other forms of energy, but 
this is a question into which we cannot enter. It is 
certain that the' concept of energy is now dominant in 
modern theories, especially in electrical and magnetic 
theories, and that it does what cannot be done by the force 
of the old theory of mechanics. 

Bnt any domination, even if legitimate, can be trans- 
formed by abuse into a fatal tyranny, and we cannot see 
how any new theory can make an abstraction of the 
concept of force, which for the present prevails in the 
whole of statics, in all fundamental problems of 
equilibrium, although they may be abstract problems and 
never attain to positive and absolute reality. Force also 
dominates the dynamics of ponderable masses which 
celestial mechanics, and it is frequently resorted to in tW 
newest theories of electricity and magnetism. 

Thus in the series of negations which we are enumerating 
we possess one more semi-negation which is in the same 
case as the preceding negations ; it does not and cannot 
represent the partial overthrow of the old scientific theory 
but rather its transformation or extension. Science in its 
advancement does not proceed by destruction, but raises 
new erections which enlarge and complete its venerable 
edifice. 

(To be continued). 


THE USE OF RADIO-ACTIVE SUBSTANCES AS 
FERTILISERS.* 

Bv WILLIAM H. ROSS, 

Scientist in Soil Laboratory Investigations. 

(Concluded from p. 035). 

Composition oj Radio-active Manure, 

The source of the so-called radio-active manures con- 
sists of the residual rock from which carnotite or other 
uranium ores have been extracted, or of uranium ores 
which contain too low a percentage of uranium to make It 
profitable to extract the radium. Since an ore containing 
as low as 2 per cent of uranium oxide can be profitably 
used in the manufacture of radium, it is not to be expected 
that this percentage of uranium, or its equivalent of 
radium, will be found in any radio-active manure. 


Use of Radio-active Substances as Fertilisers. 


* BuUtton 149, U.S. Department of Agriculture, Bureau of Soils. 
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In the following table is given the composition of 
samples of radio-active materials which have been applied 
as a manure. 

Analyses of Samples of Radio-active Manure . 


Constituent. A. 8. 

Silica, SiOa 80*44 85*90 

Oxide of iron and alumina, Fe a 03+ AI2O3 2*20 8 85 

Lime, CaO . . . . . . . . — 0*91 

Magnesia, MgO.. — 0*95 

Soda, Na a O . . . . — 0*50 

Potash, K a O .. .. . . — 1*04 

Sulphide, S — 0*16 

u Sulphuric acid ” . . 5*40 — 

Phosphoric anhydride, PaOj — Trace 

“ Soluble phosphoric acid ” 1*37 — 

w Water, volatile organic matter ” . . 10*54 0*93 
“ Soluble salts, soluble free acids ” . . . . 3*32 — 

Uranium, U . . . . Trace 1*00 


Activity .. . . o*03U 0*0370 


A. — Radio-active manure. Analysis according to 
Foalkes, Bui. Bureau Agricultural Intelligence and of 
Plant Diseases, Hi., 1112. This apparently represents ore 
from which the uranium has been extt acted. The acidity 
of the material was equivalent to 65 grms. of sulphuric 
acid per kgrm. 

B. — Radio-active manure. Analysis by Author. This 
material represented the original ore, and therefore did not 
contain any free acid. 

Field Tests with Radio-active Manure . 

Field tests with radio-active manure (A in table) have 
been made by Foulkes in England {Bui. Bureau of Agri- 
cultural Intelligence and of Plant Diseases, 1912, Hi., 
mi). The material used contained only a trace of 
uranium, but had an activity equal to 0*03 times that of 
uranium. This was mixed with commercial fertilisers in 
the following proportions : — Steamed bone, 20 parts ; 
superphosphate, 15 parts; kainit, 10 parts; nitrate of soda, 
5 parts, and radio-active manure, 1 part. One plot 
received an application of this mixture at the rate of 
1020 pounds per acre, and an adjoining plot received the 
same application but without the radio-active manure. 
Both plots were planted to turnips, and when the crop was 
grown it was found that the yield was greatest in the plot 
to which the complete fertiliser, plus the radio-active 
manure, had been added. A similar result was obtained 
with mangolds. 

Radio-active material of exactly the same composition 
as that given by Foulkes was also used by Malpeaux in 
making pot and held experiments with oats, potatoes, 
sugar beets, and mangolds. [Vie Agr. et Rurale , 
1913, ii., 241). The material was mixed with a 
complete fertiliser made up of sodium nitrate, super- 
phosphate, and potassium sulphate to the extent of 
5 per cent, and applied at the rate of 22 to 44 pounds per 
acre. In the case of oats, sugar beets, and mangolds an 
increased yield of about 15 per cent was obtained on an 
average on the plots to which complete fertiliser plus 
radio-active material was added, over that obtained from 
the plots to which complete fertiliser only was added. In 
the case of potatoes it was not observed that the radio- 
active material had any beneficial effect. 

A very extensive series of experiments was also carried 
out by Berthault, Bretigniere, and Berthault (Ann. Beale 
Nat. Agr . Grignon % 1912, iii., 1), using material for which 
exactly the same analysis was given as for the radio- 
active manure used by Foulkes and by Malpeaux. 
Its effect on a large number of crops (cereals, grasses, and 
roots) was tested by applying the material alone and when 
mixed with standard fertilisers. It was found that when 
the radio-active manure was used alone the positive and 
negative results were about equal for the total weight of 
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the plants and for stalks and grain, but the negative 
results were the more numerous tor tubers ; with super- 
phosphate the results obtained were generally unfavour- 
able, particularly for the grain, but for tubers they were 
more often favourable, and with complete fertiliser the 
favourable results were the more numerous for all crops. 

It was concluded that while the results obtained were 
not decisive they show that radio-active substances were 
more efficacious in the presence of a complete fertiliser 
than when used alone or with phosphate or nitrogenous 
manures. 

It is difficult, however, to understand how this conclu- 
sion regarding radio-active substances follows from the 
experiments described by the authors in view of the fact 
that they acknowledge having bad the material which they 
used tested for radio-activity, and that none could be de- 
tected. It therefore follows that the results obtained, 
whether of a favourable or unfavourable nature , could no 
have been due to the radio-activity of the material, but to 
some other influence. 

As shown in the table, the acidity of the material was 
equivalent to 65 grms. of sulphuric acid per kilo., while the 
“ soluble phosphoric acid” amounted to 1-37 per cent and 
the “soluble salts, soluble free acids” amounted to 
5*32 per cent. All these constituents, when exceeding a 
certain minimum concentration, have a marked effect on 
plant growth. Notwithstanding this, however, apparently 
no account was taken of the presence of these constituents 
in any of the foregoing experiments, but rather all effects 
observed, whether of a stimulating or retarding nature, 
were attributed to the exceedingly weak radio-activity of 
the material, which was claimed to be equal to 0*03 of the 
activity of uranium, but which, at least in the case of the 
material used by Berthault, Bretigniere, and Berthault, 
was too small to be detected. 

If it is assumed that the material used in these investi- 
gations has the radio-activity which was claimed for it, 
and that this was due to radium and its products, then it 
can be calculated that in an application of 25 pounds 
of the material per acre the amount of radinm thus 
applied to an acre would be less than i-iooth of the 
radium already present on an average in an acre-foot of 
soil. This amount is so small that when uniformly dis- 
tributed through the first six inches of the soil there would 
be radiated per second from the material added only about 
two a particles — that is, two atoms— from each pound of 
soil. Furthermore, of the particles so radiated only a 
very small fraction would be able to escape from the par- 
ticles of material m which they originate. The number 
of $ particles radiated would be still less than the 
a particles. 

The radio-active material (B), of which an analysis is 
given in ths table and which was kindly supplied by a firm 
m this country, has an activity of 0*037, that of uranium, 
and is therefore slightly more active than the material 
referred to above. An application of from 20 to 25 
pounds per acre was recommended, mixed with some 
standard fertiliser, but even in the case where the largest 
application is used the quantity of radium so applied per 
acre is only one-fiftieth of the radium already present in 
an acre-foot of soil. In defence of the use of sueh a 
minute quantity of any aubstanoe it has been explained 
that “ this material is not a fertiliser, but that it gives to 
the plant additional power to consume ths plant food that 
is already in the ground or that is put there by artificial 
means in the form of any brand of fertiliser.” The use of 
the word fertiliser in this statement is no doubt intended 
to mean a plant food. As already pointed out, however, a 
material does not necessarily have to act as a plant food 
to be properly called a fertiliser, for this term is also used 
with reference to any material which when added to the 
soil brings about an increase in the growth of crops. If 
radio-active manure really acts in the way described it 
could then be properly called a fertiliser, and, further, if 
its function is to give to the plant additional power to con* 
sume plant food, its effect should be noticed when added 


Use or Radio-active Substances as Fertilisers, 





Chemical News 
May aij 1 915 


244 Use of Radio-active Substances as Fertilisers. 


to the soil alone as well as when mixed with a standard 
fertiliser. 

Field tests with radio-active mineral from still another 
source have been made by Ewart, Melbourne University 
ffourn. Dept . Agr Victoria, 19 12, x., 417). These tests 
were made in two different places, in each of which there 
were selected a series of four plots. In the case of the 
first series each plot had an area of one third acre. Plot 1 
received 50 pounds of superphosphate per acre ; plot 2, 
50 pounds of superphosphate and 50 pounds of finely 
ground radio-active mineral per acre ; plot 3, 50 pounds 
of radio-active mineral per acre, and plot 4 was un- 
manured. The plots used in the second series had an 
area of approximately one-fourth acre, and the ?ame appli- 
cations were made in this case as in the first, with the 
exception that 5g-pound portions of the materials were 
used instead of 50-pound portions. From the yields 
obtained it was concluded that “ there is no evidence to 
indicate any beneficial action of the radio-active mineral 
upon the growth and germination of wheat when quanti- 
ties which could be used in agricultural practice are em- 
ployed. Any stimulating action which it might exercise 
when first applied seems, if anything, to be converted into 
an injurious action when in prolonged contact. There is 
nothing, therefore, in these results to show that radio- 
active mineral is of the least benefit to wheat when applied 
in the same manner as manure/ 1 

Catalytic Fertilisers . 

In addition to the experiments which have been 
described on the use of the radio-elements as fertilisers, 
many tests have also been made during the last few years 
of the action on plants of still other elements which are 
not recognised as essential to the growth of plants. 
Among the different elements which have been studied in 
this way may he mentioned copper, nickel, zinc, and lead. 
These dements are of rare occurrence in the soil, and are 
ordinarily recognised as plant poisons, but quite remark- 
able benefits have been obtained by the application to the 
soil of a very small quantity of a soluble salt of these 
elements. Plants so treated are said to have been stimu- 
lated, and because of the small amount of the material 
necessary to produce noticeable results, these compounds 
when used in this way are spoken of as “ catalytic 
fertilisers.” 

With a concentration of one part of lead, as lead nitrate, 
in 965,000 parts of soil, Stoklasa obtained in pot tests 
with oats (Avena sativa) a maximum increase in growth 
for the grain and straw of 53 per cent over that which took 
place in the control pot, but on increasing the concentra- 
tion of the lead only 2*5 times its toxic action became 
apparent, and a decrease in growth resulted (Comptes 
Rendus, 1913, civ!., 153). Similar results were also 
obtained, as already pointed out, in pot tests with clover, 
using uranium nitrate. With this compound the maxi- 
mum stimulation was obtained with a concentration of 
one part of uranium'in 1,310,000 parts of soil, but as the 
concentration of the uranium was increased its toxic 
action became manifest, and the crop yield gradually 
decreased. 

A corresponding series of experiments was also made 
by Loewand his co-workers using salts of both uranium 
and thorium (BuL Coll. Agr., Tokyo Imperial Univ., 
1902, v , 173 ; 1904, vi., 144, 161). From the results 
obtained it was concluded that M uranium and thorium 
compounds differ widely in their effects on plants, uranium 
salts being highly poisonous, thorium salts not’* (Ibid., 
vi., 165). It is known that thorium and uranium both 
give off the same rays and of approximately the same 
intensity. It would be expected, therefore, if the effects 
which these elements produce on plants are due to their 
radio-activity that the effects would be approximately the 
same for each element. Since this is not the case, and 
since the results obtained with uranium correspond with 
those which follow the use of the so-called catalytic 
fertilisers, it is necessary to conclude that the action of 


uranium on plants is due to its chemical properties rather 
than to its property of being radio-active. 

The material (B), of which an analysis is given in the 
table above, contains x per cent of uranium oxide. An 
application ot this material of about X75 pounds per acre 
would thus give to the first six inches of the soil a concen- 
tration of uranium equal to that which Stoklasa found, in 
the form of the nitrate, gave greatest stimulation to clover 
plants. An effect would therefore be expected to follow 
the addition to the soil of finely ground uranium ores, but 
whether the lesult will be beneficial or otherwise will 
depend on the amount applied and the kind of crops 
grown. 

In the various experiments which have been described 
on the use of radio-active manure no account has 
apparently been taken of the chemical action of the 
uranium present, and the conflicting results obtained with 
radio-active material from different sources are no doubt to 
be explained by the fact that the radio activity of the 
material was alone considered, without regard to the 
presence or absence of uranium or of such non-radio active 
constituents as soluble salts and free acids. 

The subject of catalytic fertilisers is an interesting one 
and worthy of careful investigation, hut the manner in 
which they are able to influence so effectively the growth 
of plants is as yet but little understood. Until further 
knowledge is gained along this line, and particularly 
until it is demonstrated that the application of such 
materials to the soil will not lead to their accumulation 
with injurious results, the use of uranium, or of any of the 
other heavy metals as a fertiliser in general farming, is not 
to be recommended. 

Summary . 

Attention is called to a new material which has recently 
been exploited for use as a fertiliser, and which consists 
of the residual rock from which uranium has been 
removed, or of uranium-radium ores of too low grade to 
he used for the extraction of radium. This material, 
which is known as “ radio-active manure,” is claimed by 
virtue of its activity to have a marked effect on stimulating 
the growth of plants when mixed with a relatively large 
amount of standard fertilisers and applied at the rate of 
20 to 50 pounds per acre. 

When consideration, however, is taken of the facts: — 
(1) That the greatest quantity of radium which can exist 
in an ore amounts to only o 00003 per cent , (2) that the 
intensity of the radium rays is limited by the quantity of 
radium present , (3) that all rays, like all chemical sub- 
stances, must exceed in intensity or concentration a certain 
limiting value to produce any noticeable results, or any 
results whatever; (4) that radium costs 120,000 dols. 
a grm. ; and (5) that the activity of radium or any other 
radio-element can not be increased by any treatment 
whatsoever, but remains unchanged in whatever state of 
combination it may exist, it seems incredible that radium 
or any of its products can have any economical applica- 
tion as a fertiliser in general farming, and still less 
credible that the so-called radio-active manure has any 
value as far as its radio-activity is concerned, since the 
radium already present on an average in an acre-foot of 
soil is about 100 times greater than is contained in the 
quantity of radio-active manure commonly recommended 
for application to an acre. 

Many experiments have been made in studying the 
influence of the radio-elements when freed from their 
ores on the germination of seeds and the growth of 
plants, and from the results obtained it is to be expected 
that in botanical research, and possibly in greenhouse 
practice, where the results obtained may justify the ex- 
pense involved, the radio-elements may prove of consider- 
able value, hut when consideration is taken of the scarcity 
of these elements it does not follow from any experiments 
yet described that such elements can have any practical 
application as a fertiliser in general farming. 

Evidence is given to show that the action of uranium on 
plants is due to its chemical properties rather than to its 
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property of being radio-active, and that the conflicting 
results obtained with radio-active manure from different 
sources is to be explained largely by the presence of 
uranium and of such non-xadio-active constituents as 
soluble salts and free acids. 


HOTOSYNTHESIS IN ORGANIC CHEMISTRY.* 
Introduction and General Considerations. 

By E. PATERNO. 

(Concluded from p 333 

III. 

But between ketones and aromatic hydrocarbons, under 
the influence of solar light, a second reaction takes place 
at the same time, which is perhaps still more general than 
the preceding ; we mean the direct addition of the mole- 
cule of the hydrocarbon to that of the ketone with forma- 
tion of a tertiary alcohol. 

Such a reaction has some precedents, not with hydro- 
carbons but with other organic substances. And first of 
all Ciamician and Silber (Gazz. Chim . Ital. , xliv., [1], 
946), extending their experiments of reductions also to an 
aromatic alcohol , found that benzylic alcohol is added to 
benzylic aldehyde, thus forming hydrobenzoin, and to 
benzophenone, giving origin to the triphenylglycol ; but 
they add, as a proof that they had no clear an insight into 
the reaction, that the very formula of triphenylglycol 
wanted further experimental proofs in order to be accepted 
(Ibid., p. 336). 

As soon as our experiments were made known, how- 
ever, Ciamician and Silber hastened to repeat and further 
extend them. 

We had prepared, from toluene and benzophenone, tri- 
phenyletbanol (Rend, Acc, Lined, 1903, i., 237), from 
ethylbenzene triphenylpropanol (Gazz. Chim . Ital. , xxxix., 
[3], 431), from propylbenzene triphenylbutanol (Ibid., 
xxxix., fa], 422), from diphenylmethane tetraphenyl- 
ethanol (Ibid., xxxix., [2], 427). Ciamician and Silber 
repeated our experiments with toluene and with ethyl- 
benzene, only finding a few degrees of difference in the 
melting-points of the products, and they isolated further 
the product which is formed with ^-xylene. 

This condensation, to which the aromatic nucleus does 
not participate, but which comes between the carbonyl 
carbon of ketones and the group CH 2 (mainly), and which 
we shall call “ enolic * for the analogy it has with the 
aldolic condensation, is not limited to the hydrocarbons or 
to certain alcohols, but comes about even with derivatives 
of a different chemical function, provided they contain the 
group CH 2 . Thus with phenylacetic acid we have 
obtained triphenyllactic add (Ibid., xl., [2], 323)— 

C6H5 CfiH 5 C6H 5 CfiH 5 

do + (1 h 2 hocL — Ah , 

deH, doOH CsHjcl)OH 

and with benzylacetate the acetylic derivative of triphenyl- 
glycol (Ibid., xl., [3], 331). The enolic condensation 
we have also studied with the aldehydes* Besides 
experiments with many paraffin hydrocarbons and benz- 
aldehyde we used benzaldehyde and toluene, dihenzil, 
diphenylmethane; but it seems that benzoic aldehyde 
cannot give the reaction on account of the facility with 
which it polymerises in the light. With anisic aldehyde 
and piperonal it seems better results may be obtained 
(Ibid., xliv., [1], 157, 161). Ciamician and Silber ob- 
tained important results on extending this reaction to the 
fatty series, and showing the formation of iaobutylenic 
glycol and of trimethylethylenic glycol from acetone and 
alcohols (Ibid., xliv., [i], 157). 

* From the Qaxxctta Chmtca Italuwa, 1909-1914. 


The enolic reaction does not take place with the CO 
of urea and its derivatives (Ibid., xliv., fx], 162), or with 
the CO of the amides (Ibid., xliv., [x], 246). 

IV. 

But with other compounds, besides the hydrocarbons, 
acids, and some ethers, enolic condensation opens a large 
field to important researches. I speak of the behaviour of 
the ketones with bases. 

Paratoluidine does not react with acetophenone ; 
methylaniline, on the contrary, gives, as it seems, a pro- 
duct of addition, and with benzophenone a base, certainly 
of much interest, but whose constitution we have not yet 
been able to explain. 

Benzylamine, which contains the group CH 2 , gives, on 
the contrary, with benzophenone the enolic transformation 
very sharply (Gazz. Chim. Ital., xliv., [1], 246), evidently 
giving origin to the compound 

C6H5 NH 2 

HoA CH • 

C 6 H 5 <J 6 H 5 

Collidine (trimetbylpyridine) also gives a product of 
addition. 

But the subject acquires a greater interest by the Btudy 
of the vegetable alkaloids. Nicotine with benzophenone 
gives the enolic reaction, and we have thus a new alkaloid 
of the constitution 

C 6H 5 

CioHiaN 2 — AoH . 

I 

Q5H5 

Spartein behaves similarly with acetophenone and 
benzophenone, forming some products whose study is not 
yet finished, hut which show very typical colloidal 
properties. 

Also important, though in a different sense, are the 
results we have obtained with strychnine and narceine, 
and for which we refer to the special paper (Gazz. Chim . 
Ital., xliv., [2], 99), at the same time pointing to the 
characteristics of the derivative obtained from strychnine. 

In the field of nitrogenous substances we examined also 
the behaviour of nitriles. As we have had occasion to 
say, benzonitrile does not react with the ketones, but 
positive results are obtained with ^-toluonitrile ; a product 
of addition is formed with benzophenone, evidently of the 
structure : — 

CfiH 5 

^CH 2 .C6H 4 .CN ; 

c 6 h 5 

with the meta-compound the reaction is more delayed and 
the ortho-compound seems not to react. 

V. 

Bnt beyond the reactions we have illustrated, viz., the 
trimethylenic, the enolic, and that of the formation of the 
double hydrocarbons, hydrocarbons and some of their 
derivatives can react in still another way with the ketones. 
With this fourth reaction, too, which takes place chiefly 
with paraffins and substances of the aliphatic series, we 
have dealt in the preliminary paper of February, 1909 ; bnt 
we have not succeeded in defining it in snch a precise 
manner as we have done with the others. 

It is well to premise that Ciamician and Silber, who 
have often insisted on the fact that the transformation of 
benzophenone into pinakone, by the action of alcohol, is 
complete and that benzophenone is completely reduced to 
benzopinakone (Mend. Acc . Lined, xgox, i. y 98 ; xgiz, i M 
724), perceived later that in the reduction of benzo- 
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phenone with ether a part of the benzophenone escaped 
the main reaction, and m May, 1911, they found the fact, 
worthy of being remarked , that ether gives with benzo- 
phenone a product of addition (, Ibid ., 1911, i., 724), when 
we, since October, 1908, had announced the study of this 
reaction and the result obtained ( Gazz . Chint. Ital., 1909, 
[1], 337; (Rend. Ace. Lined, igog, i., 104). 

But whatever maybe of that, the researches made by us 
on the reduction of benzophenone with pentane, octane, 
and decane have persuaded us, on the one hand, that in 
this instance the hydrocarbon is not doubled, as with 
toluene and its homologues, and, on the other band, that 
the enolic reaction does not take place ; we think that in 
the reaction a less hydrogenated hydrocarbon is formed, 
but we have not succeeded in isolating it, and have only 
proved with qualitative tests the probable existence of a 
hydrocarbon with double links; but the main product 
besides the benzopinakone is constantly a resinous viscous 
and transparent substance ; these resins for composition 
and molecular weights approach the compounds of addition 
of benzophenone with the hydrocarbon. 

Having before us, however, the formation of benzo- 
pinakone, which, with notable constancy, corresponds to 
two-thirds of the weight of the ketone used, and the 
evidence for the presence of an olefine in the recovered 
hydrocarbon, the most probable hypothesis seems to be 
that the reaction takes place according to the following 
scheme : — 

3C13H10O + CfiHan+2" C26H22O2 + C13H10O.Cs Ha»- 

In other terms, a molecule of paraffin transforms two- 
thirds of the benzophenone to pinakone, while it converts 
itself into a molecule of die corresponding olefine ; this is 
added to the other third of benzophenone, forming an 
orytrimethylenic compound. 

And we cannot be surprised if with pentane the com- 
pound that we have obtained with amylene and benzo- 
phenone is not formed, because the amylene that we 
used was trimethylethytane, while the pentane was the 
normal one. 

Cyclic hydrocarbons, too, that is cyclohexane and its 
methylic and dimethylic derivatives, give this reaction 
(Oazz. Chirn. Ital xxxix , [2], 420), hence we may 
asssume that the resistance to this reaction of the hydrogen 
of benzene is not extended to the more hydrogenated 
cyclical compounds. 

Reactions similar to those of the paraffins and cyclo- 
hexane are given by the oxides of alcoholic radicals, acetal 
and other ethers (Ibid,, xl. t [2] , 327). To experiments in 
this direction we have referred in the paper of February 7, 
1909, and in the Introduction to these studies of October, 
1908 (Ibid., 1909, [1], 237), and with more details we 
made them known in the Nos. III. and IV. of the year 
19 10 of the Qazzetta Chimica published November 14, 
1910 ; but that did not prevent Ciamician and Silber, in 
the meeting of May 22, 1911, at the Lincei Academy, and 
with the date of May 22 in the Berichte of Berlin, that is 
a long time after, from dealing with the same argument, 
aB repetition of preceding experiments without caring to 
make our name and without perceiving that their experi- 
ments were repetitions of ours and not a continuation of 
theirs. 

Besides it is a notable fact that Ciamician and Silber in 
the reaction between benzophenone and ethyl oxide admit 
that the compound has been formed through the enolic 
reaction, after which remains to be explained the origin of 
the hydrogen which transforms the benzophenone to 
pinakone, which also is formed in great quantities ; we, on 
the contrary, have admitted for this compound the struc- 
ture of an oxytrimethylenic derivative, and we do not 
think it necessary to change our opinion. We should not 
have insisted, perhaps, on this really incomprehensible 
forgetfulness of Ciamician and Silber, if they had not 
found us in fault (Rend. Aec. Lined , June 6, 1914) of having 
jorgotten to name them in a brief note that we made of 
the reaction between benzophenone and benzoic aldehyde. 


We could say to our justification that we have not 
made the study of the reaction, so that they have re- 
proached us that not even have we analysed the product, 
while we have only said it seemed to us probable that the 
polymeride of the benzoic aldehyde described by Mascarelli 
was formed. And if we have in the hurry made a mistake, 
which still remains to be proved, it is not all our fault. 

Ard Ciamician and Silber, indeed, from the action of 
alcohol on benzaldebyde have at first obtained a white 
powder at ioo° to iox°, which they have considered as 
having the quadruple formula of the hydrobenzoin, 
4 (Ci 4 H I4 04) (Ibid., 190 x, i., gg), very close, we add, to 
that of a polymeride of eight times benzoic aldehyde. 
Later, from the benzaldehyde alone they have obtained a 
white dusty product melting at 125° to 130°, of the com- 
position, and of the molecular weight nine times the 
benzoic aldehyde, and which they have declared to be prob- 
ably identical with the former (Ibid., 1903, i., 336) ; later 
still, they have found that the crystallised trimeride of 
Mascarelli melting at 245° to 246°, was also formed in 
small quantity, but with it always, and as the main pro- 
duct, the resin that was at first fusible at ioo° to xoz°, 
afterwards at 125° to 130°, and now at 160 0 to 170°, and 
which, considered at first a polymeride between eight or 
nine times the benzaldehyde, is now at laBt acknowledged 
as a tetrameride (Ibid., 1909, i., 2x6). 

Now it is evident that, not willing to enter into an 
argument so fruitful of results, we had confined ourselves 
to a hint corrected by the word M probably.” At any rate 
we wait for the confirmation of the formation in this 
reaction of the compound of a molecule of benzophenone 
with two of benzoic aldehyde, which we hope will be soon 
given ub by Ciamician and Silber. 

We must once more remember that the synthetical 
reactions under the action of the light which we have 
developed in a series of papers published during a period 
of six years must be considered as acquired from the date 
of the first paper that we have called the Introduction ; we 
do not wish by saying this to reproach Ciamician and 
Silber if, preoccupied only with the reducing properties of 
the alcohols and with the formation of aldehydic com- 
pounds from them, they may have in the beginning 
allowed some more important observations to escape them, 
and, as they afterwards came to the knowledge of our 
results, before waiting for the publication of the single 
experiments, they sought to draw profit from them. But 
It is also evident that being willing to discuss with us about 
priority it is necessary to consider at least dates previous 
to February, 1909. With bibliographical researches made 
with the greatest care that we are capable of, we have 
tried to give to each one his own, and we are disposed to 
correct any forgetfulness that will be shown to us and the 
faults which we may have fallen into, but we will not 
allow, at least this time, that others try with artifice to 
present our work under a false light. 

VI. 

Independently of the researches that have conducted us 
to the general reactions that we have illustrated, we must 
draw the attention of the chemists to other facts. 

x. The study of the numerous synthetical resins that we 
have obtained gives secure hope that they can serve also 
to explain the formation and the constitution of some 
natural resins. 

2. The colloidal substances with so characteristic pro- 
perties obtained from sparteine and from strychnine intro- 
duce important facts. 

3. The transformation of pyrone into a carbohydrate so 
like the pentosans deserves attentive study. 

4. The formation of organic nitrogenous substances, 
though of a very indefinite nature, by the reduction of 
nitrates by the light in the presence of organic substances, 
can become a field of fruitful researches. 

5. The synthesis of photoacetophenine an £ of its 
analogues, once better cleared up, may lead to new and 
more ample researches. 
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6. The possibility of introducing complex side-chains 
into vegetable alkaloids of great physiological activity may 
have some pharmacological applications not without 
importance. 

VII. 

Let us hope that we have succeeded, with this resuming 
paper, to show that we have filled with a sufficient 
number of experiments the results announced since our 
first publication. 

I do not expect to continue these studies, bat I do not 
mean with that to preclude the possibility of my com- 
pleting some arguments and explaining further some 
others. 


CAMPHOR: NATURAL AND SYNTHETIC.* 

By PERCY A. HOUSEMAN, Ph.D., F.I.C. 

Camphor haB acquired a special interest within the last ten 
or twelve years on account of its synthesis on a commercial 
scale. It represents a good example of a growing tendency 
to replace natural products by artificially prepared sub- 
stances, which are either identical in properties with the 
materials occurring in nature or can be profitably used as 
substitutes for them. The commercial synthesis of india 
rubber presents a similar problem which has yet to be 
solved. 

Natural Camphor . 

Natural camphor has been known and prized for many 
hunched years. The camphor tree ( Cinnamomum 
camphora) belongs to the laurel family, and is indigenous 
to China, Japan, and Formosa. The substance known as 
Borneo camphor is closely related to the true camphor. 
Its chemical name is borneol, and it is obtained from 
Dryobalanops aromatica , which grows chiefly in Borneo 
and Sumatra. Borneo camphor commands a much higher 
price than Japanese camphor. It is used by the natives 
for ritualistic and medicinal purposes. Camphor is also 
obtained from an evergreen semi-shrub (Blumea balsamifera) 
which is found in Eastern India and Burma, and which 
yields the so-called “ Ngai camphor.” Within recent years 
many attempts have been made to cultivate the camphor 
tree in other countries. 

(Note. — See, e.g., Board of Trade Journal, July, 1907, 
“Camphor Trees in Federated Malay States”; B. J. 
Eaton, Agric . Bull. Straits Settlements and Federated 
Malay States, 1909 ; Colonial Office Report, 1907, No. 
527, “Camphor Trees in Ceylon”; Battandier, Journ, 
Pharm . Chem., 1907, 182, “Camphor Trees in Algeria” ; 
Chemist and Druggist , 1907, 109, “Camphor Trees in the 
United States”; “Camphor Industry in Foreign 
Countries,” U.S. Department of Commerce and Labour, 
xgxo). 

These experiments, however, are somewhat hazardous, 
for though the tree thrives well in almost any sub-tropical 
climate, and appears not specially subject to attack by insect 
enemies, about fifty years must elapse before good yields 
of camphor are obtainable. Individual trees show great 
variability in the amount of camphor they yield, a pheno- 
menon the cause of which is not well understood. 

The question then naturally arises as to the extent of 
the camphor forests now existing. Until recent years no 
attempts were made to plant young trees in place of those 
cut down, but this wasteful policy has now been checked, 
especially since the Japanese assumed control of the 
camphor industry after the Chino- Japanese war of 1894. 

Between the years 1900 and 1906 some 3,000,000 trees 
were planted by the Japanese monopoly, and, with the old 
trees assuring a sufficient supply of camphor for at least 
fifty years, there is no immediate prospect of a shortage 
in the supply of natural camphor. The competition which 
natural camphor encounters with the synthetic article will 
be treated of later. 


The following table {Die Chem . Ind., xxxvi., 355) shows 
the value (in dols.) of the camphor (presumably crude and 
refined} exported from Japan and Formosa for the year 
1911-1912 (the figures should be accepted with reserve) : — 


Destination. 

Hongkong 

British India 

Straits Settlements 

England 

France 

Germany 

United States .. .. 

Canada 

Australia 

Other countries . . • . 

Totals.. .. .. 


X91X. xgxs. 

I5»438 10,956 

285,500 322,000 

4*034 4.900 

327,700 362,000 

398.000 251,500 

260.000 244,500 

358.000 228,500 

6,000 10 400 

47»ooo 37,850 

24,000 57,800 


1*725*672 1,530,406 


The camphor output of Japan during xgix was larger 
than at any time since. 1902, over 2,640,000 lbs. having 
been produced, of which 860,000 lbs. were exported, 
1,254,000 lbs. taken by local refineries, 460,000 lbs. by 
Japanese celluloid factories, the remainder going to general 
consumers [Daily Consular and Trade Reports , No. 229, 
15th year, Sept. 28, 1912}. 

The imports of crude natural camphor from all sources 
into the United States for the fiscal year ending June 30, 
1911, amounted: to 3,726,319 lbs., valued at 1,118,586 dols. 
For 1912 the amount was 2,154,646 lbs., valued at 
682,669 dols. (Ibid,, No. 261, 15th year, Nov. 5, 19x2). 

China produces less camphor than Japan and Formosa. 
In 1912 China exported 165 tons, valued at 130,521 dols., 
and in 1913 124 tons, valued at 94,298 dols. (Ibid,, No. 
262, 17th year, Nov. 7, 1914). 

The world’s production of camphor for 1913 {Ibid,, 
No. 75, 16th year, April 1, 1913) ie estimated at about 
12,000,000 lbs., of which 4,600,000 lbs, are credited to 
Formosa, 2,000,000 lbs. to Japan, and 1,300,000 lbs. to 
China, the remaining 4,000,000 being left for natural 
camphor produced in other countries and for synthetic 
camphor. 

(Note. — All of the statistics are given as they appear 
in the original sources of information. In some cases 
these statistics seem to be contradictory — possibly owing 
to a lack of clearness in separating figures applying to 
crude camphor from those applying to the refined article). 


Extraction and Refining. 

The extraction of the crude camphor from the tree Is a 
simple process. The wood is cut into chips and subjected 
to the action of steam in stills of primitive construction. 
The number of camphor stoves in Formosa in 1910 is given 
as 7S34, and the number of camphor workers on the island 
as nearly 30,000 (“ Camphor Industry in Foreign Countries,” 
Special Consular Reports , 1910, xliii., Part 3). Formosa 
supplies about one-half of the total crude camphor pro- 
duced. Camphor is obtainable from all parts of the tree — 
leaves, twigs, wood, and roots (see, e.g., B. J. Eaton, 
Agric . Bull . Straits Settlements and Federated Malay 
States, X909; Beile and Lemaire, Bull. Sac. Pharm., 
Bordeaux, liii., 521 ; Daily Consular and Trade Reports, 
No. 255, 16th year, Oct. 31, 1913). 

The crude camphor » divided into three grades, A, B, 
and BB, and is refined by steam distillation, sublimation, 
or crystallisation. Refined camphor comes into the 
market as “flowers,” “ bells,” or “blocks.” Camphor oil 
is obtained as a by-product in the extraction of camphor. 
The oil is used in perfumery, soaps, &c., and contains 
many essential oils as well as some dissolved camphor. 

Properties and Uses. 

Camphor is a colourless crystalline substance melting at 
X75 0 C. It is volatile at ordinary temperature, and its 
characteristic odour is said to be detectable at a dilation 
of 0*000005 grm. camphor in x litre of air. One part of 
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camphor requires about 1000 parts of cold water tor solu- 
tion. It dissolves in organic solvents with ease. 

Japanese camphor has a strongly dextrorotatory action 
on the plane of polarised light, <*( d) — 44*2° in alcoholic 
solution. The laevorotatory camphor occurs in the oil of 
Matricaria parthenum , and is known as Matricaria 
camphor. It is identical with Japan camphor, except for 
its opposite rotatory power. 

Camphor finds application chiefly in three directions : — 

z. In Pharmacy . — Camphor is used in more than thirty 
different forms. It is anti-spasmodic, a stimulant, cardiac 
and local anodyne, and is used in fevers, dysmenorrhoea, 
colic, &c. Camphor is also used as a disinfectant. 

2. In Explosives. —Camphor is said to exercise a pre- 
servative action on blasting gelatin, but only a small 
quantity is used in the manufacture of explosives, 

3. In Celluloid ,— Celluloid was invented in 1869 by 
Hyatt in America, while Daniel Spill worked at the same 
time in England. The process of manufacture, expressed 
in a few words, consists of the incorporation of camphor 
with nitro-cellulose and a suitable solvent such as acetone. 

The celluloid industry consumes about three-fourths of 
the total camphor produced, a fact which will be readily 
understood when one thinks of the enormous number of 
articles now made of celluloid. 

Chemical Constitution of Camphor . 

This has been a subject of such importance that it is 
desirable to pass in review the steps leading up to the 
establishment of the chemical structure of camphor. 

Camphor belongs to the important class of compounds 
called terpenes, the parent substances of this group being 
unsatorated hydrocarbons possessing the empirical formula 
C5H8. The terpenes fall into four classes : — (1) Hemi- 
terpenes, C5H8; (2) terpenes, CxoHie; (3) sesquiterpenes, 
Ci5Ha4; (4) pcdyterpenes, {CjHs)*. 

Camphor is a derivative of the second of the above 
classes, and possesses the formula CioHigO. It is a 
saturated compound, and contains the ketonic group 
— C— CO— C 4 -, forming a well defined oxime, and 
yielding a secondary alcohol (borneol) by reduction 
electrolytically or with sodium amalgam. 

When camphor is distilled with phosphorus pentoxide 
the hydrocarbon cymene (I.) is obtained. Cymene is 
para-methyl-isopropyl-benzene, and the same complex is 
therefore assumed to be present in camphor. 


CioHi60-H 2 0 


Camphor. 


CH 3 — CH— ch 3 



On boiling with Iodine, camphor is converted 
carvacrol (II.), another substance of known structure. 


C10H16O— -H 2 


Camphor. 


CH 3 — CH-CH3 


! OH 


2h 3 

II. Carvacrol. 


to 


The reactions of camphor considered above are satisfied 
by the Formula III. proposed by Kekuld in 1873. This 
formula, however, does not account for the saturated 
character of camphor, nor for its oxidation to camphoronic 
»cid. ^ 

(To be continued). 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , May 6, 1915. 

Sir Alfred Kempe, Vice-President and Treasurer, in the 
Chair. 

Papers were read as follows : — 

“Some Probletns Illustrating the Forms of Nebula,'* 
By G. W. Walker, F.R.S. 

The paper is concerned with the form of the surfaces of 
equal density when a quantity of gaseous material at uni- 
form temperature, and following Boyle’s law as regards 
pressure and density, is at rest under its own gravitation. 
The differential equation for these surfaces is not linear. 
In the two-dimensional case Pockels obtained the solution 
in terms of two arbitrary functions of complex variables. 

In the paper the solution is put in a form which must 
give real positive density anywhere. A solution is — 

p ” pI {@)’ + ®) a ) ( ^ + ' , '‘ + 1)_S; 
where pi is a determinate constant and <f> and $ site any 
conjugate functions of the co-ordinates x, y, such that 
<p+fy=*f (x+iy). 

Three cases only are considered which illustrate 
respectively a ring nebula, a pear-shaped nebula, and a 
nebula with two equal nuclei. It is a matter of detail to 
examine other cases. 

Some consequences of motion of the material are 
considered. 

“ Observations on the Resonance Radiation of Sodium 
Vapour .” By Hon. R. J. Strutt, F.R.S. 

x. The centres emitting resonance radiation of sodium 
vapour excited by the D lines are not persistent enough 
to be carried along when the vapour is distilled away from 
the place of excitation. This result is extraordinary, 
because it contrasts absolutely with the behaviour of 
sodium vapour excited electrically. It also contrasts 
absolutely with the behaviour of mercury vapour, whether 
excited optically (2536 resonance radiation) or electrically. 

2. The resonance radiation of sodium cannot be seen 
through even a very dilute layer of sodium vapour placed 
in front of it— a layer quite transparent to white light. 
This explains why the spot of superficial resonance pro- 
duced on the wall of a glass bulb can only be seen from in 
front, when the light passes to the eye without traversing 
sodium vapour. From the back it cannot be seen, as 
Dunoyer has observed. 

3. The resonance radiation of sodium vapour is changed 
in intensity when the vapour is placed in a magnetic field. 
If the exciting flame is weakly salted the radiation 
diminishes with increasing field strength. If tbe exciting 
flame is strongly salted the radiation increases to a maxi- 
mum and then diminishes again. 

4. A change in intensity of resonance radiation can 
also be observed when the exciting flame is placed in 
the magnetic field. In this case a weak flame gives 
diminished radiation in tbe field, while a strong name 
gives increased radiation in the field. 

5. All the facts summarised under 3 and 4 can be ex- 
plained qualitatively and quantitatively, so far as the avail- 
able data will go, by taking into account the known 
Zeeman resolution of the D lines, and the observed width 
and structure of these lines as emitted by the flames used. 
The latter data were obtained by observation with a con- 
cave grating of high resolution. 

“ Local Diferences of Pressure near an Obstacle in 
Oscillating Water,** By Hertha Ayrton. 

When the water is approaching the mean level there is a 
diminution of pressure, or partial vacuum, created in tbe 
lee of the obstacle. 
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When the water is departing from the mean level the 
diminntion of pressure continues high tip on the lee side, 
but over the lower part there is a pressure in the opposite 
direction to that oi the main stream. 

The jet in the first pari of a swing is due to the local 
current created by the local difference of pressure ; the 
vortex in the second part of the swing is due to the con- 
junction of the main stream with the opposing local 
current set up by the local pressure difference. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Meeting , May 5, 1915. 

Mr. A. Chaston Chapman, President, in the Chair. 

The following were elected members of the Society : — 

As Honorary Members . — Sir William Crookes and Prof. 
Meldola. 

As Ordinary Members . — Messrs. Paul Seidelin Atop, 
Francis Howard Carr, Alexander Scott Dodd, and Harri 
Heap. 

Certificates were read for the first time in favour of — 
Prof. Arthur William Crossley, Mr. Daniel James Davies, 
Dr. Martin Onslo v Forster, Prof. Herbert Jackson, Mr. 
Frederic Ion Richardson, Prof. William Jackson Pope, 
Prof. James Charles Philip, and Mr. George Henry 
Warburton. 

The Ordinary Meeting was followed by a Joint Meeting 
of the Society of Public Analysts and Other Analytical 
Chemists and the Biochemical Society ; Mr. A. Chaston 
Chapman, representing both Societies, in the Chair. 

The Meeting was devoted to a discussion on 

“ Methods adopted in the Estimation of the Nitrogenous 
Constituents of Extracts derived front Albuminous Sub- 
stances , such as Meat Extracts and similar products, with 
special reference to the interpretation of the results 

The discussion was opened by the Chairman (Mr. 
Chapman), who drew attention to the necessity of dividing 
the products of protein hydrolysis into certain groups or 
categories for analytical purposes. From the technical 
point of view, the purposes to be served by such analyses 
were, firstly, to indicate the general character of the pro- 
cess by which any particular extract had been prepared ; 
secondly, to throw Borne light on the source of the extract 
and its genuineness or otherwise ; and lastly, to furnish 
information as to the physiological properties or dietetic 
value. The bromine method, properly applied, precipi- 
tated gelatin, gelatin-peptone, syntonin, albumoses, and 
peptones, but not creatinine or other meat-bases. Satu- 
ration of the solution with zinc sulphate in presence of a 
little acid might be resorted to for the purpose of separating 
the albumoses from the peptones, and this process, 
although its results were not very definite, might be useful 
in so far as it threw some light on the extent to which 
the original protein matter had been hydrolysed. Bigelow 
and Cook in the United States precipitated the albumoses 
and peptones by means of tannin in the presence of salt, 
and the albumoses being precipitated by zinc sulphate 
the peptones were obtained by difference. For the deter- 
timation of gelatin the ice-water-alcohol method of Stutzer 
was perhaps the most used and most generally considered 
to give the best results, though some inaccuracy might be 
caused by the fact that substances rich . in albumoses 
yielded an appreciable proportion of their nitrogen by this 
method. As to the determination of creatine and creati- 
nine, there seemed little to be said from the chemical side, 
Folin’s method having been thoroughly worked out. The 
use of ammonium salts had been occasionally alleged, but 
no case of this very crude form of adulteration had come 
under his notice, though he had met with a sample of 
extract which on distillation with magnesium oxide yielded 
a considerable quantity of ammonia, due apparently to 


some putrefactive change. The residual nitrogen was 
often returned as “ meat bases,” some analysts using for 
conversion the factor 3*12, originally suggested by Stutzer 
on the basis of the nitrogen percentage of creatine. 
Hehner, however, had suggested the use of the ordinary 
protein factor of 6*25, which at least had the merit of not 
Involving any assumption or giving to the results an 
apparent accuracy which they did not in fact possess, 
though, on the other hand, to those who did not under- 
stand the matter, the quantity of “ meat bases ” might be 
made to appear much larger than it really was, while a 
considerable error was thrown on the proportion of non- 
nitrogenous extractives, which was arrived at by differ- 
ence. The best plan was to return the actual nitrogen 
percentages. 

Prof. F. Gowland Hopkins said that the animal body 
dealt not with the intact proteins, or even with the albu- 
moses and_ peptones, but with the free amido-acids which 
were the individual constituents of the protein molecule. 
The actual way in which the different amino-acids were 
grouped in the protein molecule was not of much conse- 
quence, but the effects produced by the individual amino- 
acids were of extreme importance. He described 
physiological experiments which he had made, showing 
that when rats were given a diet including a complete 
amino-acid mixture corresponding to the proteins of an 
ordinary diet their growth was almost exactly normal, 
while, when argenine and histidine were removed from 
the amino-acid mixture the growth ceased immediately, 
being resumed when argenine and histidine were 
again added. The removal of tryptophane from the 
amino-acid mixture also produced similar results, and 
Osborn and Mendel in America had shown cystine 
to be similarly essential. It did not follow that 
this was the case with every amino-acid, and the 
question as to which of the amino-acids were essen- 
tial in that way offered a large field for investi- 
gation. Recent work at Cambridge indicated that certain 
acids could be removed from the amino-acid mixture 
without affecting the rate of growth. With regard to the 
minimum quantity of any amino-acid required for nutri- 
tion, experiment had shown that in the case of rats, at any 
rate, the critical minimum for argenine lay somewhere 
„ between 2J and 1 per cent. It appeared that the functions 
of the individual amino-acids were not confined merely to 
flesh formation. The effect of feeding animals on zein, 
which was deficient in both tryptophane and lysine, was 
not only to restrict growth but also to shorten the survival, 
and the same was observed with zein plus lysine, but with 
zein plus tryptophane the animal was able to maintain its 
weight for a long period, although it did not grow. It was 
clear from this that the tryptophane exercised some other 
function than the mere supply of material for growth. 
Further work on this subject is proceeding at Cambridge. 

Dr. E. P. Cathcart, referring to creatine and creati- 
nine, said that the observations at present available were 
so scanty that it could not be said with certainty that 
creatine and creatinine had a special niche in the 
organism. Creatinine of course was a constant excretory 
product, but creatine was not, except in the case of infants, 
though it might be made to appear if an animal were 
starved or treated with certain drugs. Folin had stated 
that creatine was a fairly valuable foodstuff, but he {Dr. 
Cathcart) did not think on the evidence available that it 
was. He did not think that any end would be gained by 
the separate estimation of creatine and creatinine in meat 
extract, since a large put of the original creatine would 
probably be converted into creatinine during the process of 
manufacture. 

Mr. A. R. Tankard thought that it was important in 
some cases to separately estimate the meat fibre and 
coagulable albuminoids, with a view to the detection of 
extraneous matters which were sometimes added. For 
some time past he had adopted the method of centri- 
fugalising the bromine precipitate, muting the residue 
with water, and centrifugalising again. He made a prac- 
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tice of separating the albumoses and peptones, bat agreed 
that in most ordinary cases this was of little value. There 
were, however, on the market certain so-called “ fortified ” 
meat extracts, which contained albumoses and peptones 
in very much larger proportion than occurred in ordinary 
meat extracts. With regard to the factor used for con- 
verting the residual nitrogen into “meat bases,'’ he 
remarked that this was the only instance which he knew 
of in chemistry in which a factor known to be wrong was 
used merely for convenience. 

Mr. E. Hinks remarked that the use of a factor of 
approximately 3 for calculating the “ meat bases ” from 
the residual nitrogen seemed to be justified by the fact that 
the proportions of nitrogenous and non-nitrogenous ex- 
tractives thus obtained were about equal, this being what 
one would expect in the case of such a product as meat 
extract. 

Dr. Percival Hartley described his experience of 
Van Slyke’s method of determining amino nitrogen, which 
was based on the fact that when protein and protein 
degradation products were treated with nitrous acid 
nitrogen gas was given off. The results of complete 
analyses of various proteins showed that the constitution 
of serum albumen was quite different to that of globulins, 
the former containing a much larger proportion of lysine 
and of cystine than the latter. Another interesting result 
was that the globulins exhibited no difference in chemical 
composition, eu-globulin and pseudo-globnlin apparently 
being closely related. Another point brought out was that 
the free amino nitrogen of native proteins appeared to be 
approximately one-half of the lysine content, which if 
substantiated would appear to afford a simple method of 
estimating lysine without hydrolysis of the protein, 
furthermore, the proportion of free amino nitrogen indi- 
cated to what extent the protein had been digested or 
peptonised. 

further remarks were made by Dr. Rideal, Prof. Barger, 
Prof. Harden, Dr. G. S. Walpole, Dr. Cathcart, Prof. 
Gowland Hopkins, and the Chairman. 


THE ALCHEMICAL SOCIETY. 

Alchemy and Mysticism. 

The twentieth General Meeting of the Alchemical Society 
was held on Friday, May 14. The Chair was occupied 
by the Acting President, Mr. H. Stanley Redo rove, 
B.Sc. (Lend.), F.C.S. 

A paper entitled u The Beginnings of Alchemy" was 
read by Mr. Arthur Edward Waite, an Honorary 
Vice-President of the Society and a well-known authority 
on the subject. He commenced his most interesting 
lecture by a summary of the early history and lirerature 
of alchemy in Europe, then dealt with the Leyden 
papyrus, the Byzantine alchemists, with special reference 
to Sosimns and pseudo-Democritus, the Arabian and 
Syriac alchemists, and the alleged practice of alchemy in 
China. The lecturer then proceeded to the difficult ques 
tion as to whether any of the texts, referred to in the 
earlier part of the lecture, bore a mystical rather than a 
physical interpretation, and considered the genesis, his- 
tory, and present position of the mystical or spiritual 
interpretation of alchemy. 

The lecture was followed by an animated discussion, 
after which the third Annual General Meeting of the 
Society was held. It is pleasing to note that, in spite of 
the war, the Society ha3 maintained its activities during 
the past eight months with but little decrement. Increased 
support, however, from those interested in the history of 
science and philosophy, and the development of man’s 
ideas of the universe, is needed, and will, it is hoped, be 
forthcoming. 

A full report of the proceedings, containing the text of 
the lecture in full, will be published in the May issue of 
the Society’s Journal, I 


NOTICES OF BOOKS. 

An Amateur's Introduction to Crystallography . By Sir 
William Phipson Beale, Bart,, K.C., M.P. London, 
New York, Bombay, Calcutta, and Madras : Longmans, 
Green, and Co. 1915. 

This excellent book is intended for the use of the reader 
of mature age who has taken up the study of crystallo- 
raphy as a hobby. Such a reader would in all probability 
ave a basis of a good knowledge of mathematics and of 
the elements of mineralogy, and the book will help him to 
rub them both up and add to them, and may lead him on 
to the fascinating study of the optical properties of crystal- 
line substances. The subject is approached from observa- 
tions of the external form of crystals, made with the naked 
eye or with the aid of the microscope or goniometer. 
Very clear illustrations are given, prepared from actual 
more or less imperfect crystals, and practical methods of 
measurement are explained. The thirty-two classes of 
crystals are enumerated and briefly described, and the dis- 
cussion of the practical occurrence ef crystalline forms 
follows. Actual methods of calculation are described in 
an appendix, and some hints are given on the drawing of 
crystals from elements and indices. 

Chemical Technology and Analysis of Oils , Fats, and 
Waxes. By Dr. J. Lbwkowitsch, M.A., F.I.C. 
Edited by George H. Warburton. Fifth Edition, 
Vol. III. London : Macmillan and Co., Ltd. 1915. 
This volume contains detailed accounts with full tables of 
statistics, &c., of the technology of manufactured oils, 
fats, and waxes, and the technical and commercial 
examination of the products of the oil and fat industries. 
An account is given of the hydrogenation of oils and fats, 
and recent processes asd methods are fully described. 
The technology of waste oils and fats and of the com 
mercial products derived from them is also treated in the 
volume, which completes the fifth edition of Dr. 
Lewkowitsch’s comprehensive work. 

The Chemistry of Paints and Painting . By Sir Arthur 
H. Church, K.C.V.O., F.R.S., M.A., D.Sc., F.S.A. 
Fourth Edition. London: Seeley Service and Co., 
Ltd. 1915. 

In the latest edition of this book various corrections have 
been made and certain parts have been abridged or 
omitted. On the other hand some paragraphs which 
appeared for the first time in the German edition of igo8 
have been translated and inserted. The book is already 
well known to artists, to whom it probably needs no recom- 
mendation. It gives interesting accounts of the substances 
they use, including paper, wood, and canvas, as well as 
paints, and the operations they practise, and some simple 
practical tests of materials are described. A chapter on 
the study of old paintings contains some general remarks 
upon the materials employed and the changes they have 
undergone in the case of a certain number of pictures in 
the National Galleries of London, and the chapter on the 
conservation of pictures and drawings contains a discussion 
of the selection of glasses, &c., for covering, allusion 
being made to the possibility of using the eye preserving 
glasses described by Sir William Crookes. 

Tables Annuelles de Constantes et Donnies Numeriques , de 
Chimie , de Physique , et de Technologie . “ Annual 

Tables of Constants and Numerical Data, Chemical, 
Physical, and Technological ”). Paris : Gauthier- 
Villars. Leipzig : Akademiscbe Verlagsgesellschaft. 
London : J. and A. Churchill. Chicago : University of 
Chicago Press. 1914. 

An announcement of the publication of the above tableB 
was made in our issue of March 12th. We have now 
received a series of reprints containing the data connected 
with the various subjects included in the larger work. 
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CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— All degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances de l' Academic 
des Sciences . Vol. clx. No. 13, March 29, 1915* 

Constitution of Glycerophosphoric Acid of Lecithin. 
— O. Bailly.— The existence of monoglyceropbosphoric 
acid in the molecule of the lecithin of eggs was 
proved for the first time by Gobley in 1840, but it 
was not known whether it was present m the a-form, 
FC^Ha.CHa.CHOH.CEUOH, or in the isomeric /8-form , 

PO4H2CH < ch oH* determining the solubility of 

the calcium salt the author has found that lecithin con- 
tains a mixture of at least two isomers ; the /3-form pre- 
dominates, while the a-form is present only in the propor- 
tion of about 1 to 4. 

No. 14, April 6, 1915. 

This number contains no chemical matter. 

No. 15, April 12, 1915. 

Hydrate of Arseniuretted Hydrogen. — M. de 
Forcrand. — The author prepared arseniuretted hydrogen 
by the action of cold water upon aluminium arsenide, and 
then subjected the gas^ and a few drops of water to pro- 
gressive compression in a Cailletet’s apparatus. Thus 
crystals were obtained which could be kept indefinitely 
between o° and 28-2°, under a minimum pressure which 
increased with the temperature. Above 28*2°, at 29 0 for 
example, the hydrate was destroyed, and could not be 
again obtained even under pressures of 30 to 40 atmo- 
spheres. The formula of the hydrate was found to be 
AsH 3 +6HaO. 


Bulletin de la Societe Chimique de France. 

Vol. xvii.-xviii., No. 2, 1915. 

Heats of Formation of Acrolein and Metacrolein. 

E. Voisenet. — The heat of formation of acrolein from 

its elements (C diamond, H gas) C 3 + H 4 + 0 »C 3 H 4 0 liq. 
is 27*48 cal. The dehydration of glycerin is a feebly 
exothermic reaction. The heat of ronnation of met- 
acrolein from its elements (C diamond, H gas) 
C 9 +H x 2 + 0 3 «C 9 Hi* 0 3 cryst. is 92-65 cal. 


MISCELLANEOUS. 


F.R.S.E., and H. E. Wood, M.Sc., F.R.Met.S. Hon. 
Secretaries : Prof. A. Brown, M.A., B.Sc., South 
African College, Cape Town (Recorder), and J. L. Soutter, 
Arcadia, Pretoria. 

Section B.— Chemistry, Geology, Metallurgy, Miner- 
alogy, and Geography.— President : H. Kynaston, M.A., 
F.G.S. Vice-Presidents: E, T. Mellor, D.Sc., F.G.S., 
and Prof. J. A. Wilkinson, M.A., F.C.S. Members : 

C. F. Juritz, M.A., D.Sc., F.I.C., Prof. S. J. Shand, 

D. Sc., Ph.D., F.G.S., Prof. G. H. Stanley, A.R.S.M., 
M.I.M.E., M.I.M.M., F.I.C., and Prof. R. B. Young, 
M.A., D.Sc., F.G.S., F.R.S.E. Hon. Secretaries: 
H. C. J. Tietz, M.A., Ph.D., South African College, 
Cape Town (Recorder), and Prof. D. F. du Toit Malherbe, 
M.A., Ph.D., Transvaal University College, Pretoria. 

The following papers have already been promised 
Section A . — 

Presidential Address. 

“Fire Resisting Materials in Building Construction” ; 
by A. H. Reid, F.R.I.B.A., F.R.San.I. 

An Astronomical paper ; by Dr. A. W. Roberts. 

Section B .— 

Presidential Address. 

“The Intrusions in the Parys Granite * ; by Prof. S. J. 
Shand, Ph.D., D.Sc., F.G.S. 

“ The Fault System of the South of Africa " ; by Prof. 

E. H. L. Schwarz, A. R.C.S., F.G.S. 

“ The Mineral Spring on the Farm Rietfontein, District 
Brandfort, O.F.S.” ; by Prof. M. Rindl, Ing.D. 

“ Notes on the Chemistry of the Naras plant (Acaniho- 
sicyos horrida , Hook) ” ; by Dr. W. Versfeld and 
G. F. Britten. 

“ General considerations affecting Banket Ore Treat- 
ment ” ; by Dr. W. A. Caldecott, B.A., F.C.S. 

A paper by Prof. J. A. Wilkinson, M.A., F.C.S. 

Action of Metals on Chlorides of Carbon.— Enrique 
V. Zappi. — The author has studied the action of various 
metals (aluminium, magnesium, &c.) upon CCI 4 , CaClg, 
C6Cle, and CxoCls, and has deduced the following con- 
clusions : — 1. The carbon, which is obtained by the 
reduction of CC1 4 by aluminium, contains at least 12 atoms 
in the molecule, and the equation CCI 4 -f M«MCI 4 +C is 
accompanied by the polymerisation of the carbon formed. 
2. The greater the molecular weight of a chloride of 
carbon, the higher the temperature at which it is decom- 
posed by metals. 3. The ease with which metals attack 
chlorides of carbon is directly related to the amount of 
heat produced by the formation of the metallic chlorides. 

Cal. 

2AI+3CI2 = AI3CI6S0I. -f 323,600 
2Fe4-3Cl 3 m FcaClg sol. + 192,000 
Mg+CJ® s» MgCLsol. + 151,000 
Si4-aCla «■ SiCh gas + 121,800 
Na+Cl ■■ NaCl sol. + 97,900 
— Annales de la Soeiedad Quimica Argentina , 19x4, ii, , 
No. 8. 


South African Association for the Advancement 
of Science. — The thirteenth Annual Session of this 
Association will be held at Pretoria from Monday, July 5, 
to Saturday, July 10, inclusive, under the presidency of 
Mr. R. T. A. Innes, F.R.A.S., F.R.S.E., Union As- 


tronomer. 

Sectional Committees , 

Section A.— Astronomy, Mathematics, Physics, Meteor- 
ology, Geodesy, Surveying, Engineering, Architecture, 
and Irrigation. — President : F. E. Kanthack, M.I.C.E., 
M.I.M.E. Vice-Presidents: G. W. Herdman, M.A., 
M.I.C.E., and Prof. J. Orr, B.Sc., M.I.C.E. Members: 
Prof. R. H. Charters, M.I.C.E., Prof. P. G. Gundry, 
B.Sc., Ph.D., A.R.C.S., Prof. R. A. Lehfeldt, B.A., 
D.Sc., Prof. A. Ogg, M.A., B.Sc., Ph.D., A. H. Reid, 

F.R.I.B.A., F.R.San.I., A. W. Roberts, D.Sc., F.R.A.S., 


MEETINGS FOR THE WEEK. 


Tuesday, 25th.— Royal Institution, 3 11 Colouring Matters of the 

Organic World, ,r by Dr. M. 0 Forster, P.R S. 

Friday, 28th.— Roval Institution, 9. “ Engineering Problems of 

Mesopotamia and Euphrates Valley,” by Sir John 
Jackson, C.V.O., &c, 

— - Institution of Petroleum Technologists, 8 "Evolution 

of the Oil Tank Ship,” by H. Barringer. 

Physical, 5 “ Numerical Relations between Electronic 

and Atomic Constants,” by H. S. Allen. " Method 
of Calculating the Absorption Coefficients of Homo- 
geneous X-radiation,” by H. Moore. "Two Ex- 
periments illustrating No^ el Properties of the 
Electron Currents from Hot Metals,” by O. W. 
Richardson. ” High Permeability in Iron,” by E. 
Wilson. 

Saturday, 39th.— Royal Institution, 3 ” Mary Queen of Scots.” by 

Prof. R S. Rait. 
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A SERIES OF NEGATIONS.’ 1 ' 

By J. ECHEGARAY, 

President of the Academy of Sciences of Madrid. 

(Concluded from p. 24 2). 

IV. 

Continuing our series we arrive at another negation 
which we should not hesitate to designate formidable if 
we were not afraid of prematurely exhausting the many 
adjectives required to express astonishment and stupe- 
faction. 

If anything appeared solid and indestructible in the old 
mechanics it was the concept of mass. Mass was in- 
variable, eternal, indestructible, always the same. It 
could be subdivided in space, but the sum of its parts was 
always equal to the original mass. If, choosing suitable 
units, mass was expressed by a number, this number would 
be unalterable horn century to century ; mass was eternal. 
Without meaning to, we instinctively confused mass with 
matter in its most essential and permanent property. Mass 
was quantity of matter, and the more matter there was in 
it the denser the mass and the greater the number ex- 
pressing it. 

These are tendencies of the mind, the legitimacy of 
which may be doubtful, but they are natural tendencies 
which are strengthened every day by the realities of life 
and even by scientific theories. The whole of chemistry 
iB based upon this postulate, and classical chemistry would 
fall to the ground if the practical variability of mass were 
admitted. 

Whether a body is motionless or moving, whether it 
moves slowly or rushes along with the velocity of light, 
everybody believed that its mass remained unalterable. In 
a word the mass was independent of the velocity. 

Now this categorical affirmation of classical science is j 
opposed, not I may say by criticism, but by an equally 
categorical negation on the part of modern science, its 
most fascinating theories, and its leading experimentalists. 
Mass is not invariable ; it is a function of velocity and of 
the direction of velocity. There is a longitudinal and also 
a transversal mass, both depending upon velocity ; 
generalising this idea, we are led to believe that there is 
a distinct mass for each orientation ; but the explanation 
of this point would take us too far. 

The position of classical mechanics in the face of such 
negations and affirmations is truly difficult. Up to the 
present it had relied upon a unique and constant mass, 
and suddenly it meets with at least two masses, the longi- 
tudinal and the transversal, and both vary with the velocity 
of motion. 

The following is an example, an imaginary experiment, 
which will, perhaps, enable us to explain the singular 
concept of variable mass with the concepts of classical 
mechanics. 

Imagine a body M, the mass m of which we will suppose 
to have been determined experimentally. Let the body M 
during a time f, and in the direction of a straight line 
along which its centre of gravity will travel, be subjected 
to a force F, which we can measure, and which we will 
suppose constant during the same time t** The experiment 
consists simply in measuring the velocity t>, which the 
force has communicated to the body. From the 
elementary equation me«Ff we can deduce the unknown 

m, which will be given by i»=^. Knowing F and t, and 


having measured v we shall obtain the value of m. And 
if we repeat the experiment once, twice, a hundred times 
we shall always obtain the same value of tn, allowing for 
the small experimental errors. We have once again proved 
the constancy of mass, although in the series of experi- 
ments F, t, and v have varied in the different cases. But 
suppose that before another experiment was performed an 
evil spirit united the body M by some subtle spring to an 
elastic system, a kind of dynamometer, and snppose the 
dynamometer and the spring were so subtle and so 
invisible that we could not perceive them, so that we shou d 
imagine that in the new experiment the conditions would 
be the same as before. If the elasticity of this system of 
springs acted in such a way as to oppose the motion, in 
measuring the velocity we should get a value v' less than 
the preceding, and the new value m' of the mass would be 

e: Z? , evidently greater than the constant value obtained 
v r 

in the earlier experiments, since v T is less than ®. 

Our astonishment would be justified, if, in agreement 
with classical science, we believed in the invariability of 
mass and if we did not know that the experiment had been 
complicated by the addition of an elastic system. 

Something similar has occurred m the case of many of 
the problems of byegone science, for electrical phenomena 
have appeared to complicate those of the old ponderable 
matter, traditional matter which was so simple and 
obvious. 

When a small sphere is in motion with an electric 
charge, the elastic system of our example is composed oi 
this charge and all the electro-magnetic field which the 
charge in motion produced in the ether, that is to say, the 
radial electric field and also the magnetic rings which 
surround the line of movement. Abraham's dynamics of 
the electron, and Lorentz’s theory of the electrons, which 
are truly admirable new theories, have had a powerful 
influence in the creation of the new concept of electro- 
magnetic masses, varying with the velocity and the 
orientation; all these theories can be worked ont by 
calculation. At first sight these theories, which have been 
mostly verified by experiment, diminish the crudity of the 
original negation because it is not the ponderable mass 
which changes ; but the classical ponderable substance is 
accompanied by another element, electricity, which if it 
has not got mass exactly simulates it by movement : mass 
variable with the velocity, and with the variability of whic 
ponderable matter is in some way an accessory, witbon 
being the cause of this apparent overthrow of the classical 
laws of physics. 

It is truly remarkable and worthy of reflection that we 
can study the movement of the electric finld, or more con- 
cretely the electron ; that we can attribute to it a mass 
which is not concentrated in it as in ponderable bodies, 
but which is in some wa^ diffused in the ether ; finally 
that electric charges in motion simulate, if the word may 
be used, masses and inertias which scientific men explain 
by calculations which are as ingenious as they are bold. 
But this does not suffice to alter the fixity of one of 
the great taws of classical science, the invariability of 
mass. The defenders of tradition in mechanics and 
mathematical physics might argue thus, endeavouring, in 
order to weaken the disconcerting negation, to create a 
sort of nodus vtvendi between invariable ponderable mass, 
between the matter which surrounds ns and to which we 
are accustomed, and the new law of electricity in motion. 
But the modus viveudi runs risks, and the negation is 
confirmed and strengthened, as we shall see. 

V. 

The hypothesis of the atom, which was till recently 
nothing but an hypothesis, is nowadays regarded as a 
reality by almost all physicists, including the illustrious 
Poincarb, thanks to the admirable experiments of Perrin. 
The atoms can be counted and measured, and enthusiasts 
would even say that they can be seen. To-day, however, 
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when they have proved themselves to be a reality, a terrible 
negation, one might also say a sentence of death, falls on 
them. In the mind of physicists and chemists of the 
old school the atom was the simplest unit, indivisible, in- 
corruptible, eternal. An atom of ponderable matter, an 
atom of oxygen, hydrogen, or nitrogen, passing through 
our laboratories came, according to unanimous opinion, 
from the depths of the past and of space in the form in 
which it reached us, and left our apparatus to pass to new 
abysses in the future, remaining always the same* The 
atom was eternal. The philosophers of the materialist 
school could call it a god : the god Atom. The invaria- 
bility of mass, of which we have just been speaking, was 
explained by the invariability ot the atom. And then 
comes a new negation, or a new series of negations— the 
atom is not invariable. 

Moreover this is not a theory ; the complexity of the 
atom, its decomposition, its disintegration, and its trans- 
formations can be seen, followed, and even measured. 
This is what radio-active substances and the whole theory 
of radio-activity tell us. It is true that originally radio- 
active substances were exceptions, but now we regard radio- 
activity aB a general property of matter which is most 
marked in uranium, radium, and its congeners. Thus 
from the moment when the classical atom lost its unity 
and its prestige, and when each atom was regarded as an 
infinitely small but infinitely complex system, imagination 
leapt forward, and hypotheses concerning the constitu- 
tion of these infinitesimal entities have multiplied. 

We have Thomson’s atom, with its central element of 
positive electricity in which the negative electrons are, so 
to speak, stamped m the form of rings ; thus by the play 
of reciprocal attractions and repulsions equilibrium is 
established ; sometimes it is lasting, and then the atom 
remains invariable, and sometimes it is destroyed, the 
number of rings and the number of electrons in each ring 
being invariable (Phil, Mag., No. 39, March, 1904). 

A new hypothesis converts the atom into a kind of 
planetary system, with its positive electron at the centre 
and its negative electrons not fixed, but revolving round 
it like planets. Without respect for the mystery of the 
atom we have increased its complexity, introducing into it 
a new system of magnetons. 

Summarising, the extremely simple atom of the ancient 
atomic theories has become an electric complex in which 
all the hypotheses find an application and have dis- 
tinguished protagonists. Without pretending to study 
them for the moment, and taking them altogether, we can 
deduce a powerful tendency to convert the traditional atom 
of ponderable matter into an electric system of extraordi- 
nary complexity : free atoms, rings, currents, magnetons, 
a whole electric world, without any explicit residue of 
ponderable matter. 

Thus in this new theory ponderable matter disappears ; 
everything is electricity in the universe— the negative 
electron, the positive electron, the electric current, and 
magnetism, which on Ampere’s hypothesis is converted 
into a system of currents. 

If the modus vivendi which we had established above, 
in order to preserve the invariability of ponderable matter, 
were what it pretended to be, it would be shattered and 
annihilated in the most disastrous way for the old matter 
of classical tradition. It is true that if ponderable matter 
does not exist as a special substance, essentially distinct 
from the electric fluid or electric atoms, there is no need 
to trouble about the invariability of mass of the old 
mechanics. Strictly speaking it is constant, since being 
non-existent it is equal to zero— a triumphant conclusion, 
the constancy of zero, the invariability of nothingness 1 
But if ponderable mass does not exist, and if all mass is 
electromagnetic, all mass will be essentially variable and 
will depend upon the velocity. The negation which we 
have previously mentioned acquires an enormous force, 
and neither adaptations nor palliatives are any good : mass 
is essentially variable, and one of the pillars of classical 
mechanics has completely given way. 


VI. 

Thus it appears at first sight, but there is no foundation 
for the fear. However ponderable matter is regarded, 
whether it is reduced to a collection of electric systems or 
not, even supposing that the new theories are fully 
accepted, the tact remains that the danger is not as great 
as we imagine, either for practical life or even for classical 
science, which is apparently menaced, and the mechanics 
of the old masters, apart from some modifications of 
detail, has still some centuries of existence before it. 

We may here make a fundamental observation. Sup- 
pose that the only mass is electromagnetic mass, and 
that two masses must be distinguished, longitudinal and 
transversal. According to the admirable theories of 
Lorentz the values of these masses, worked out as a 
series, are composed of terms expressed by powers of 

v 

— , where v is the velocity of the moving particle and c 

the velocity of light, the first term being independent of v. 
So that— and this is important — if the velocity of motion 
is not comparable with the velocity of light, the fraction 

— would be so small that all its powers could be 

neglected, and the constant term, independent of v, would 
remain. Thus (Lorentz, “The Theory ot Electrons,” 
p. 39) the two masses m f and m", for very small values 
of 0, might be regarded as equal 


and independent of v ; there is only one mass which is 
constant as far as velocity is concerned. Similar 
reasoning applies to most ot the new iheoneB. 

Summarising we may say that classical mechanics is 
not the absolute truth, but the absolute truth is npt to be 
found in classical science, nor in modern science, nor in 
modernism. Classical science is an approximation to 
absolute science— the first term of a series, so to speak; 
the following terms are new approximations which a 
newer science obtains, but which are very small in com 
parison with the first, as v is not comparable with c . 
Classical mechanics would be destroyed if the universe 
went mad, and the suns, the planets, the nebulae, the 
atoms, and everything which exists began to vibrate with 
velocities v comparable with c . And who knows if even 
then we could not fall back on relative velocities ? For as 
long as the Cosmos remains moderate and moves with the 
relative velocities it possesses to-day, the old mechanics, 
the classical science of Newton, Galileo, Laplace, 
Lagrange runs no serious risk. 

This does not diminish by one atom, since we are 
speaking of atoms, the scientific importance of new 
theories nor the great ingenuity and the profound ability 
revealed by their originators. 

VII. 

But we have not finished with our negations ; a large 
part, and that the most contentious, ot the series still 
remains. We have said nothing of the negation which 
relates to the principle of the equality of action and reac- 
tion, nor of the principle of classical mechanics, which 
makes the action of forces depend only upon the 
geometrical relation holding good, without taking into 
consideration the actual velocities, or more generally the 
dynamical history of the system, a principle absolutely 
denied by criticism. Nor have we Bpoken ot the problem 
of continuity and discontinuity, which is leading to the 
negation of continuity of energy, converting it into atoms. 
Planck discusses atoms of energy just as atoms of oxygen 
and hydrogen were formerly discussed. And thus we 
come to the negation of the legitimacy of the application 
of differential equations to mathematical physics, the 
extreme stage of negation, which has alarmed the 
powerful intellect and the vigorously critical spirit of 
H. Poincare. 




Chemical Industries of Germany. 25s 


To bring our list to an end, we will mention one of the 
most obscure problems which is under discussion at 
the present moment, the problem of relativity and the 
negation of classical kinematics, for example, by the 
audacious suggestions of Einstein. We must defer 
the consideration of all these problems, but in conclusion 
we may say that, however serious they are, in our opinion 
the old mechanics will survive them all, provided that v is 
not comparable with c, as we have said before. The 
science of the nineteenth century will always remain the 
first and the most important term of a series of approxi- 
mations, modern theories are the second term of ft, and 
the most recent the third, while the science of the future 
will constitute the others. The important thing is that 
the series should be convergent. 

VIII. 

Thus, as Poincard has said, mechanics, mathematical 
physics, classical science are passing through a critical 
period, but this crisis is not a death crisis, but a crisis of 
new life. The profound agitations of the period in which 
we are living are not the last convulsions of the death- 
agony, but the powerful movements of new birth. 


NOTE ON THE 

ACTION OF NITROUS ACID ON THE AMINES. 

By PANCHANAN NEOGI, M.A , Senior Professor of Chemistry, 
Government College, Rajshahi, Bengal, India. 

In my paper entitled “ Preparation of the Nitrites of the 
Primary, Secondary, and Tertiary Amines by the Inter- 
action of the Hydrochlorides of the Bases apd Alkali 
Nitrites —Explanation of the Action of Nitrous Acid on the 
Amines,’* published in the Chemical News (cviii., 53, 62), 
I elaborated my new theory of the action of nitrous acid 
on the amines which is summarised thus : — ** The action 
of nitrous acid, nascent and free, on the primary, 
secondary, and tertiary amines, excepting purely aromatic 
amines, yields the corresponding amine nitrite as an 
intermediate compound, which, when heated, decomposes 
into alcohol and nitrogen in the case of primary amines, 
nitroso-compound in the case of secondary amines, and 
the free base together with the nitrate and nitric oxide in 
the case of tertiary amines according to the following 
equations • 

(a) Ammonia and primary amines,— 

R.NHa +• HNO*= R.N H a .HNO a « R.OH +N 2 + HaO. 

(b) Secondary amines, — 

Ra.NH + HNOa-Ra.NH.HNOa~RaN.NO+H a O. 

(c) Tertiary amines,— 

1. R 3 N+HNOa^R 3 N.HNOa. 

2. 3R 3 N.HNOa-2R 3 N+R 3 N.HN0 3 +2NO+HaO.” 

At the present moment the decomposition products are 
regarded as the only products of the reaction. The reason 
is that, in studying the action of nitrous acid on the amines, 
mixtures of the amine hydrochlorides and alkali nitrites 
were simply heated, when of course the decomposition 
products only would be obtained. No one hitherto has 
subjected the mixtures to steam distillation in vacuum, 
when, as I have been able to show, the intermediate 
amine-nitrites distil over with the steam. It is to be 
noted that the amine-nitrites were discovered by Ray and 
Rakshit (Trans, Chem, Soc, t igix and 1912) by the double 
decomposition of amine hydrochlorides and Bilver nitrite 
at the ordinary temperature. 

I have since then been able to confirm my theory by 
demonstrating the direct addition combination of free 
nitrous acid and free amines (Trans, Chem . Soc ., 1914, 
cv., 1270). Free nitrous acid is an unstable acid, and 
only momentarily stable at low temperatures jn solutions. 
Using ice-cold solutions it was found that primary, 


secondary, and tertiary amines do very nearly combine with 
free nitrous acid to form amine-nitrites, the operation 
being merely one of neutralisation of a weak acid and a 
strong base. Aromatic amines, such as aniline and its 
homologues, being very weak bases, do not combine with 
a weak acid like nitrous acid to form stable amine- nitrites. 
Aromatic amines, substituted in the side-chain and amines 
of the pyridine quinoltne series being stronger bases, com 
bine with nitrous acid to form more or less stable amine 
nitrites. This direct combination of free amines and free 
nitrous acid is the most important experimental evidence 
of my theory. 

The whole question of the action of nitrous acid on the 
amines, therefore, will have to be looked into in an 
altogether different light. The action is one of simple 
neutralisation. Only those amines which are fairly strong 
would combine with nitrous acid to form amine-nitrites. 
It is not true, as is given in text-books on organic chemis- 
try, that there is no action between tertiary alkyl amines 
and nitrous acid — as a matter of fact they being very 
strong bases, stronger than ammonia and primary amines, 
do very readily combine with nitrous acid. As has already 
been pointed out, the action of nitrous acid on the alkyl- 
amines has not hitherto been studied by the addition of 
free nitrous acid to free amines in the cold, but by simply 
heating mixtures of amine hydrochlorides and alkali 
nitrites, when of course the decomposition products of the 
amine-nitrites are obtained. 

Purely aromatic amines being very weak bases do not 
combine additively with nitrous acid to form amine-nitrites. 
This inability of very weak bases to combine with nitrous 
acid sets up a new distinction between aliphatic and 
aromatic amines 


Aliphatic Amines . 

1. Primary amines form 
primary amine-nitrites which 
decompose, on heating, into 
alcohol and nitrogen. 

2. Secondary amines form 
secondary amino - nitriteB 
which decompose, on heat- 
ing, into nitioso compounds. 

3. Tertiary amines form 
tertiary amine-nitrites which, 
on heating, yield the free 
base, nitrate and nitric 
oxide. 


Aromatic Amines , 

I. Primary amines form 
diazo-compounds which de- 
compose, on heating, into 
alcohol and nitrogen. 

3. Secondary amines form 
nitroso-compounds directly. 


3. Tertiary amines form 
corresponding nitroso-com- 
pounds. 


The amine-nitrites have been here conveniently divided 
according to their properties into three classes— primary, 
secondary, and tertiary. 


THE CHEMICAL INDUSTRIES OF GERMANY.* 
By Prof. PERCY F. FRANKLAND, F R.S. 

It is remarkable that the Royal House ot Prussia has 
during many centuries been associated in one way or 
another with chemical enterprises of various kinds. Thus 
already the second ruler of the country, the Markgraf John 
{1608 - 1619) was actually surnamed “ the Alchemist ” in 
consequence of the zeal with which during many years he 
pursued his investigations on the transmutation of metals, 
whilst a number of his successors exhibited great interest in 
the same problem — the manufacture of gold — which has 
never failed to fascinate the needy princes— and what princes 
are not needy ?— of all ages and all nations. The Great 
Elector (1640— 1G88), who did so much to advance the 
power of Prussia, was a patron of chemistry, which was 
just then beginning to emerge as an experimental science 
from the obscurantism of alchemy. He provided the 
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when they have proved themselves to be a reality, a terrible 
negation, one might also say a sentence of death, falls on 
them. In the mind ot physicists and chemists of the 
old school the atom was the simplest unit, indivisible, in- 
corruptible, eternal. An atom oi ponderable matter, an 
atom of oxygen, hydrogen, or nitrogen, passing through 
our laboratories came, according to unanimous opinion, 
from the depths of the past and of space in the form in 
which it reached us, and left our apparatus to pass to new 
abysses in the future, remaining always the same. The 
atom was eternal. The philosophers oi the materialist 
school could call it a god : the god Atom. The invaria- 
bility of mass, of which we have just been speaking, was 
explained by the invariability ot the atom. And then 
comes a new negation, or a new series of negations— the 
atom is not invariable. 

Moreover this is not a theory ; the complexity of the 
atom, its decomposition, its disintegration, and its trans- 
formations can be seen, followed, and even measured. 
This is what radio-active substances and the whole theory 
of radio-activity tell us. It is true that originally radio- 
active substances were exceptions, but now we regardradio- 
activity as a general property of matter which is most 
marked in uranium, radium, and its congeners. Thus 
from the moment when the classical atom lost its unity 
and its prestige, and when each atom was regarded as an 
infinitely small but infinitely complex system, imagination 
leapt forward, and hypotheses concerning the constitu- 
tion of these infinitesimal entities have multiplied. 

We have Thomson's atom, with its central element of 
positive electricity in which the negative electrons are, so 
to speak, stamped in the form of rings ; thus by the play 
of reciprocal attractions and repulsions equilibrium is 
established ; sometimes it is lasting, and then the atom 
remains invariable, and sometimes it is destroyed, the 
number of rings and the number of electrons in each ring 
being invariable (Phil. Mag, t No. 39, March, 1904}. 

A new hypothesis converts the atom into a kind of 
planetary system, with its positive electron at the centre 
and its negative electrons not fixed, but revolving round 
it like planets. Without respect for the mystery of the 
atom we have increased its complexity, introducing into it 
a new system of magnetons. 

Summarising, the extremely simple atom of the ancient 
atomic theories has become an electric complex in which 
all the hypotheses find an application and have dis- 
tinguished protagonists. Without pretending to study 
them for the moment, and taking them altogether, we can 
deduce a powerful tendency to convert the traditional atom 
of ponderable matter into an electric system of extraordi- 
nary complexity : free atoms, rings, currents, magnetons, 
a whole electric world, without any explicit residue of 
ponderable matter. 

Thus in this new theory ponderable matter disappears ; 
everything is electricity in the universe— the negative 
electron, the positive electron, the electric current, and 
magnetism, which on Ampere's hypothesis is converted 
into a system of currents. 

If the modus vivendi which we had established above, 
in order to preserve the invariability of ponderable matter, 
were wbat it pretended to be, it would be shattered and 
annihilated in the most disastrous way for the old matter 
of classical tradition. It is true that if ponderable matter 
does not exist as a special substance, essentially distinct 
from the electric fluid or electric atoms, there is no need 
to trouble about the invariability of mass of the old 
mechanics. Strictly speaking it is constant, since being 
non-existent it fa equal to zero— a triumphant conclusion, 
the constancy of zero, the invariability of nothingness ! 
But if ponderable mass does not exist, and if all mass is 
electromagnetic, all mass will be essentially variable and 
will depend upon the velocity. The negation which we 
have previously mentioned acquires an enormous force, 
and neither adaptations nor palliatives are any good : mass 
is essentially variable, and one of the pillars of classical 
mechanics has completely given way. 


VI. 

Thus it appears at first sight, but there is no foundation 
for the fear. However ponderable matter is regarded, 
whether it is reduced to a collection ot eiectric systems or 
not, even supposing that the new theories are fully 
accepted, the tact remains that the danger is not as great 
as we imagine, either for practical life or even for classical 
science, which is apparently menaced, and the mechanics 
of the old masters, apart from some modifications of 
detail, has still some centuries of existence before it. 

We may here make a fundamental observation. Sup- 
pose that the only mass is electromagnetic mass, and 
that two masses must be distinguished, longitudinal and 
transversal. According to the admirable theories of 
Lorentz the values of these masses, worked out as a 
series, are composed of terms expressed by powers of 

v 

— , where v is the velocity of the moving particle and c 

the velocity of light, the first term being independent of v. 
So that — and this is important— if the velocity oi motion 
is not comparable with the velocity of light, the fraction 

— would be so small that all its powerB could be 

neglected, and the constant term, independent of v , would 
remain. Thus (Lorentz, “The Theory ot Electrons," 
p. 39) the two masses m r and m", for very small values 
of 0, might be regarded as equal 


and independent of v ; there is only one mass which is 
constant as iar as velocity is concerned. Similar 
reasoning applies to most oi the new theories. 

Summarising we may say that classical mechanics is 
not the absolute truth, but the absolute truth is not to be 
iound in classical science, nor in modern science, nor in 
modernism. Classical science is an approximation to 
absolute science— the first term of a series, so to speak ; 
the following terms are new approximations which a 
newer science obtains, but which are very small in com 
parison with the first, as v is not comparable with c , 
Classical mechanics would be destroyed if the universe 
went mad, and the suns, the planets, the nebulae, the 
atoms, and everything which exists began to vibrate with 
velocities v comparable with c. And who knows if even 
then we could not tall back on relative velocities ? For as 
long as the Cosmos remains moderate and moves with the 
relative velocities it possesses to-day, the old mechanics, 
the classical science of Newton, Galileo, Laplace, 
Lagrange runs no serious risk. 

This does not diminish by one atom, since we are 
speaking of atoms, the scientific importance of new 
theories nor the great ingenuity and the profound ability 
revealed by their originators. 

VII. 

But we have not finished with our negations ; a large 
part, and that the most contentious, ot the series still 
remains. We have said nothing of the negation which 
relates to the principle of the equality of action and reac- 
tion, nor of the principle of classical mechanics, which 
makes the action of forces depend only upon the 
geometrical relation holding good, without taking into 
consideration the actual velocities, or more generally the 
dynamical history of the system, a principle absolutely 
denied by criticism. Nor have we spoken of the problem 
of continuity and discontinuity, which is leading to the 
negation of continuity of energy, converting it into atoms. 
Planck discusses atoms of energy just as atoms of oxygen 
and hydrogen were formerly discussed. And thus we 
come to the negation of the legitimacy of the application 
of differential equations to mathematical physics, the 
extreme stage of negation, which has alarmed the 
powerful intellect and the vigorously critical spirit of 
H. Poincare. 
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To bring our list to an end, we will mention one of the 
most obscure problems which is under discussion at 
the present moment, the problem of relativity and the 
negation of classical kinematics, for example, by the 
audacious suggestions of Einstein. We must defer 
the consideration of all these problems, but in conclusion 
we may say that, however serious they are, in our opinion 
the old mechanics will survive them all, provided that v is 
not comparable with c, as we have said before. The 
science of the nineteenth century will always remain the 
first and the most important term of a series of approxi- 
mations, modern theories are the second term of it, and 
the most recent the third, while the science of the future 
will constitute the others. The important thing is that 
the series should be convergent. 

VIII. 

Thus, as Poincard has said, mechanics, mathematical 
physics, classical science are passing through a critical 
period, but this crisis is not a death crisis, but a crisis of 
new life. The profound agitations of the period in which 
we are living are not the last convulsions of the death- 
agony, but the powerful movements of new birth. 


NOTE ON THE 

ACTION OF NtTROUS ACID ON THE AMINES. 

By PANCHANAN NEOGI, M.A , Senior Professor of Chemistry, 
Government College, Rajshahi, Bengal, India. 

In my paper entitled “ Preparation of the Nitrites of the 
Primary, Secondary, and Tertiary Amines by the Inter- 
action of the Hydrochlorides of the Bases a^nd Alkali 
Nitrites —Explanation of the Action of Nitrous Acid on the 
Amines,” published in the Chemical News (cviii., 53, 62), 
I elaborated my new theory of the action of nitrous acid 
on the amines which is summarised thus : — M The action 
of nitrous acid, nascent and free, on the primary, 
secondary, and tertiary amines, excepting purely aromatic 
amines, yields the corresponding amine nitrite as an 
intermediate compound, which, when heated, decomposes 
into alcohol and nitrogen in the case of primary amines, 
nitroso-compound in the case of secondary amines, and 
the free base together with the nitrate and nitric oxide in 
the case of tertiary amines according to the following 
equations 

(a) Ammonia and primary amines, — 

R.NHi4-HNOa-R.NH 3 .HNO a «R.OH+Na+H a O. 

(&) Secondary amines,— 

Ra.NH + HNOa-R«.NH.HNOa»*RaN.NO + H a O. 


secondary, and tertiary amines do very nearly combine with 
free nitrous acid to form amine-nitrites, the operation 
being merely one of neutralisation of a weak acid and a 
strong base. Aromatic amines, such as aniline and its 
homologues, being very weak bases, do not combine with 
a weak acid like nitrous acid to form stable amine-nitrites. 
Aromatic amines, substituted in the side-chain and amines 
of the pyridine quinoline peries being stronger bases, com 
bine with nitrous acid to form more or less stable amine 
nitrites. This direct combination of free amines and free 
nitrous acid is the most important experimental evidence 
of my theory. 

The whole question of the action of nitrous acid on the 
amines, therefore, will have to be looked into in an 
altogether different light. The action is one of simple 
neutralisation . Only those amines which are fairly strong 
would combine with nitrous acid to form amine-nitrites. 
It is not true, as is given in text-books on organic chemis- 
try, that there is no action between tertiary alkyl amines 
and nitrous acid — as a matter of fact they being very 
strong bases, stronger than ammonia and primary amines, 
do very readily combine with nitrous acid. As has already 
been pointed out, the action of nitrous acid on the alkyl- 
amines has not hitherto been studied by the addition of 
free nitrous acid to free amines in the cold, but by simply 
heating mixtures of amine hydrochlorides and alkali 
nitrites, when of course the decomposition products of the 
amine-nitrites are obtained. 

Purely aromatic amines being very weak bases do not 
combine additively with nitrous acid to form amine-nitrites. 
This inability of very weak bases to combine with nitrous 
acid sets up a new distinction between aliphatic and 
aromatic amines 


Aliphatic Amines . 

X. Primary amines form 
primary amine-nitrites which 
decompose, on heating, into 
alcohol and nitrogen. 

2. Secondary amines form 
secondary amino - nitrites 
which decompose, on heat- 
ing, into nitroso-compounds. 

3. Tertiary amines form 
tertiary amine-nitriteswhich, 
on heating, yield the free 
base, nitrate and nitric 
oxide. 


Aromatic Amines . 
t. Primary amines form 
diazo-compounds which de- 
compose, on heating, into 
alcohol and nitrogen. 

2. Secondary amines form 
nhroso-compounds directly. 


3. Tertiary amines form 
corresponding nitroso-com- 
pounds. 


The amine-nitrites have been here conveniently divided 
according to their properties into three classes — primary, 
secondary, and tertiary. 


(e) Tertiary amines,— 

1. RsN+HNOa^RsN.HNOa. 

2. 3R3N .HNOa - 2R3N + R3N.HNO3 +2N0 + H a O.” 

At the present moment the decomposition products are 
regarded as the only products of the reaction. The reason 
is that, in studying the action of nitrous acid on the amines, 
mixtures of the amine hydrochlorides and alkali nitrites 
were simply heated , when of course the decomposition 
products only would be obtained. No one hitherto has 
subjected the mixtures to steam distillation in vacuum , 
when, as 1 have been able to show, the intermediate 
amine-nitrites distil over with the steam. It is to be 
noted that the amine-nitrites were discovered by Ray and 
Rakshit (Trans. Chem . Soc., xgix and 1912) by the double 
decomposition of amine hydrochlorides and silver nitrite 
at the ordinary temperature. 

I have since then been able to confirm my theory by 
demonstrating the direct addition combination of free 
nitrous acid and free amines (Trans. Chem . Soc ., 1914, 
cv., 1270). Free nitrous acid is an unstable acid, and 
only momentarily stable at low temperatures jn solutions. 
Using ice-cold solutions it was found that primary, 


THE CHEMICAL INDUSTRIES OF GERMANY,* 
By Prof. PERCY F. FRANKLAND, F,R.S, 

It is remarkable that the Royal House of Prussia has 
during many centuries been associated in one way or 
another with chemical enterprises of various kinds. Thus 
already the second ruler of the country, the Markgraf John 
(x6o8 - 1619) was actually surnamed “ the Alchemist w in 
consequence of the zeal with which during many years he 
pursued his investigations on the transmutation of metals, 
whilst a number of his successors exhibited great interest in 
the same problem— the manufacture of gold— which has 
never failed to fascinate the needy princes— and what princes 
are not needy ?— of all ages and all nations. The Great 
Elector (1640—1688), who did so much to advance the 
power of Prussia, was a patron of chemistry, which was 
just then beginning to emerge as an experimental science 
from the obscurantism of alchemy. He provided the 
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celebrated Kunkel with a laboratory and glass furnaces on 
an island in his park at Potsdam* and it was there that in 
1678 Kunkel made the discovery of ruby glass, produced 
by means of traces of gold, and which is still an unsur- 
passed method of colouring glass for ornamental purposes. 
Kunkel also re-discovered phosphorus, which had pre- 
viously, in i66g, been obtained by the alchemist Brand, 
of Hamburg, who had quite accidentally produced it in the 
coarse of his attempts to extract the Philosopher’s Stone 
out of urine. But whilst the discovery of yellow phos- 
phorus is thus of German origin, its production on an 
industrial scale was, until twenty years ago, only carried 
on in England and France. In 1892 the manufacture of 
phosphorus by electro-thermic means was introduced into 
Germany by the Chem. Fab. Griesheim-Elektron at 
Frankfurt. (The author has much pleasure in acknow- 
ledging the assistance he has received from the valuable 
compilation by Prof. Lep&ius of Berlin, “ Deutscblands 
Chem. Industrie,” 1888—1913, and from that by Dr. 
Duisberg, of Elberfeld, u Wissenscbaf t und Tecbnik,” 
1911). Red phosphorns was discovered by Schrotter, an 
Austrian chemist, in 1848, and was adopted for safety- 
matches by the German Bottger in the same year. His 
invention was first taken up in Sweden, and was not 
adopted until ten years later in Germany. The match 
industry has assumed its largest dimensions in Germany. 
Thus the .German annual production in 1912 was 
£4,600,000 (Molinari, “ General and Industrial In- 
organic Chemistry,” 1912). The value of all matches 
(British and foreign) consumed in Great Britain in 1910 is 
estimated at £1,293,750 - about nine matches per day per 
head. Messrs. Bryant and May’s (by far the largest 
English concern) turned out 1152 million boxes in 1907. 
This represents about half the British output. In 1907 
the total value of British production was £775,000, of 
which £76,000 worth was exported (Clayton). The 
British export of matches is diminishing. It is worthy of 
note that Japan in xgoi exported matches to the value of 
£1,200,000. 

Porcelain ,— Another great German industry owes its 
origin to alchemistic studies made by Bfittcher in the 
reign following that of the Great Elector, namely, that of 
Frederick III. (1688—1713), first King of Prussia. Having 
succeeded in making gold before witnesses, Bottcher 
was seized by order of the Elector of Saxony and was 
“interned” at Dresden, where, although he did not 
succeed in making the much-desired gold, he founded, 
along with the physicist Tschirnhaus, the celebrated 
Dresden porcelain industry. 

The astute Frederick the Great (1740—1786) was anxious 
to manufacture the Dresden ware at Berlin and to this 
end commissioned his court apothecary, Johann Heinrich 
Pott, to institute investigations. These attempts were, 
however, all unsuccessful. 

The Great Frederick placed much faith in secret agents, 
and it was by means of spies that he succeeded in dis- 
covering the secrets of the Dresden porcelain manufacture, 
for at bis instigation an enterprising merchant, bearing the 
name of Gotzkowski, with the assistance of a Saxon work- 
man, brought the secrets of the Dresden process to Berlin 
and established a porcelain factory in the beipzigerstrasse, 
which still remains the warehouse for the Berlin porcelain 
goods. But Frederick later stopped the pecuniary assistance 
with which the factory had been subsidised, and Gotzkowski 
was forced to sell tne concern to Frederick for a sum of 
About £30,000, and so was established the celebrated 
Berlin Royal Porcelain Factory, amongst the products of 
which are the well-known crucibles and evaporating basins. 
The flourishing state of the German porcelain and pottery 
manufacture is attested by the fact that during the past 
twenty-five years the number of works has increased from 
228 to 359, and the number of workpeople employed from 
37,000 to 66,000. In 1912 the German exports of china, 
earthen and stoneware were valued at upwards of 3} 
millions sterling. 

Even still more important is Germany’s glass 


manufacture, for which she has long been pre-eminent. 
The annual export in recent years has been over seven 
million pounds. 

Cyanide Industry . — In the early eighteenth century an 
accidental discovery was made by Diesbach, a Berlin 
colour-maker, which has proved of great industrial im- 
portance. Diesbach was preparing what is known as 
Florentine lake, a red pigment obtained by precipitating a 
solution containing cochineal extract and an iron salt with 
caustic potash. It so happened, however, that the potash 
used by Diesbach had been m contact with bone-oil, con- 
taining some cyanide, and the result was that, instead of 
the result he anticipated, a magnificent blue colouring 
matter was obtained. This substance, which is still known 
as Berlin or Prussian blue, was the first cyanogen com- 
pound to be discovered. 

The cyanogen compounds have played a most con- 
spicuous part in the development of organic chemistry, and 
every source of cyanogen haB been exploited for obtaining 
them. In recent years the demand has increased enor- 
mously owing to the employment of sodium and potassium 
cyanides in the extraction of gold. To meet this demand 
a number of synthetical methods for their preparation have 
been super-added. 

Germany’s annual production of cyanides is estimated 
at 10,000 tons, of value £650,000, or about half of the 
world’s production. 

Beet-sugar Industry ,— Another industry also bad its 
beginnings in the 18th century during the reign of the 
Great Frederick, and was the outcome of the laborious 
researches of Marggraf (born in Berlin in 1700, and a pupil 
of Stahl) on the occurrence of sugar in the vegetable 
kingdom. Of the numerous plants investigated from this 
point of view he found that the beetroot ( Beta vulgaris) con- 
tained the largest proportion of saccharine material, and 
that the sweet-tasting substance was identical with that 
present in the tropical sugar cane (Saccharittm officinarum). 

It was not, however, until some fifty years later that 
the observation of Marggraf led to the first beet- sugar 
factory in the hands of Franz Karl Achard, who was sub 
sidised in this venture by the Prussian King, Frederick 
William HI. (reign 1797—1840), who was als^the founder 
of the University of Berlin. ^ 

(Note. — There was no university in jftrlin until 1809, 
but the following figures will show bow Prussia has made 
up for lost time in this respect. In 1913-14, there were 
76x3 male and 770 female matriculated students, and 4x13 
male and 89 female non-matriculated students. The 
annual income was £246,310, of which £204,650 came 
from the State, £40,900 from fees, &c., and £760 from 
other sources. The annual expenditure was £246,3x0, of 
which the teaching staff accounted for £104,790; depart- 
mental expenses, £100,140; building expenses, £xo, 610 ; 
reserve, £6680 ; administration, bursaries, &c., £24,090. 
“Minerva” xgx 4 ). 

The beet-sugar industry had to contend with strenuous 
competition on the part of the cane-sugar manufacturers, 
who were chiefly English and who are said to have 
endeavoured to corrupt Achard by heavy bribes. The 
industry was, however, greatly promoted when, in 1806, 
Napoleon issued his famouB edict closing the European 
ports to British goods. The vast extent of this industry at 
the present time can be gathered from the following 
figures 

Total sugar crop for 19x2-13: Cane-sugar, 9,211,755 
tons ; beet-sugar, European (one-third German), 6,3x0,000 
tons ; beet-sugar, U.S.A., 624,064 tons ; total, 18,145,819 
tons. 

The sugar industry should give us food for serious 
reflection when we consider the following facts United 
Kingdom spends annually £23,000,000 on 1,700,000 tons 
imported sugar. Germany produces £36,000,000 worth 
of beet-sugar on 1,300,000 acres ; France produces 
£13,000,000 on 570,000 acres ; all continental countries 
together produce £1x6,000,000 on 6,000,000 acres 
(C. W. Fielding, Morning Post , Jan. 23, 1913). In the 
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Sulphuric acid (H a S 0 4 ) 

(of this by contact process) 

Soda 

(of this Le Blanc soda) . . 
Saltpetre consumption .. .. . . 

(of this for nitric acid) . . . . 

Hydrochloric acid (30 per cent) . . 

Bleaching powder 

(of this electrolytic) 


Production in Tons , 1910. (a) 


Germany. 

England 

France, 

1,250,000 

400,000 

1,000,000 

500,000 

400,000 

700,000 

300,000 

30,000 

120, QOO 


786.000 

150.000 

93 »oo° 

337,000 

450.000 

100.000 
70,000 

tt 



United States. 

Europe. 

World. 

1,200,000 

250,000 

3,700,000 

5,000,000 

250,000 


2,000,000 

150,000 

523*000 

1,740,000 

2,360,000 

50,000 


V. 

300.000 

150.000 


(а) Duisberg, “ Wissenschaft and Techmk,” 1911. 

(б) Already m 1S95 the estimated production of hydrochloric acid in England was 1 million tons, and for the whole 

of Europe 2 million tons (Molinari). 


United Kingdom there is only one small experimental 
beet sugar factory in existence. The beet-sugar industry 
is of particular interest in connection with the present 
European crisis, inasmuch as it is a most notable example 
of an industry which largely owed its successful inception 
to a state of war which disturbed the previously established 
order of things in the matter of sugar supply. 

In this country agriculture is well known to be produc- 
tive of a conservative frame of mind, but that it is not so in 
Germany is well illustrated by the extraordinary progress 
which has been made in the cultivation of the sugar-beet 
under the guidance of systematic scientific research. Thus 
in 1840, xoo kilos, of beet gave 5*9 kilos, sugar; in 2850, 
7*3 ; in 1S70, 8 4 ; in 1890, 12 5 ; and m 19x0, 15*8 kilos. 
In 1871 the mean production of beet per hectare (hectare « 
2*5 acre) was 246 quintals (x quintal zoo kilogrms.), and 
in 19x0, 300 quintals. In 1867 the consumption of coal 
for 100 kilos.* of beet was 35 kilos. ; in 1877, 24 ; in 1890, 
xo ; and in X900, 7 kilos. Further economy m coal has 
been effected by means of the Kestner concentrator 
(Molinari, “General and Industrial Or g. Chem.,” 19x3). 

Sulphuric Acid , Soda, and Bleaching Powder Industries . 
—Sulphuric acid was discovered by the German alchemist 
Basil Valentine in the 15th century. The production of 
this fundamental acid, however, on any considerable scale 
took its origin in Birmingham, where Dr. Roebuck in 1746 
introduced the classical leaden chamber process. At the 
beginning of the 19th century it became an industry of 
great importance, more especially in England, because of 
this acid being required for the manufacture of carbonate 
of soda by the Le Blanc process. 

The manufacture of Le Blanc soda was taken up in 
England in 18x4, especially in connection with soap- 
making, and it was in England that this manufacture 
assumed the largest proportions. The enormous advances 
made in this manufacture during the past century may be 
gathered from the fact that the price of carbonate of soda 
in x8x8 was about ^42 per ton, whilst to day it is only 
about one-tenth of that amount. One of the determining 
factors which made England the principal borne of soda 
manufacture was the great development of our cotton 
industry during the 19th century. 

Ppring a large part of the last century England manu- 
factured Le Blanc soda, sulphuric acid, and bleaching 
powder (discovered by Tennant in 1799) for most of the 
world. But during the latter half of the century the rival 
ammonia soda process made its appearance. The original 
discovery of the reaction on which it depends— it was first 
patented in England by Dyer and Hemming in 1838— 1 b 
ascribed to several different persons, but the process was 
first made an industrial success in Belgium by M. Ernest 
Solvay. The Couillet Works were founded with a capital 
of about £6000 in 1863 ; the numerous affiliated works are 
now to be found in Belgium, England (Brnnner, Mond, 
and Co.), Germany, France, Italy, Spain, Austria- 
Hungary, Russia, and North America. They employ 
35,000 persons. During the fifty years the price of soda 
has been reduced from £16 to £ 4 a ton. The displace- 
raent of Le Blanc soda by ammonia soda involves the 


introduction of new methods of chlorine manufacture. 
After numerous abortive attempts in various directions, 
the successful production of electrolytic chlorine has been 
achieved, and about half of the bleaching powder in the 
world is now made by this means. 

Electrolytic chlorine is now often converted into liquid 
chlorine (6d, a kilo.), of which large quantities are used at 
Stassfurth for the annual preparation of 500,000 kilogrms. 
of bromine, and the Badische Anilin and Soda Fabrik used 
in 1900 more than x million kilos, for the preparation of 
chloracetic acid employed in the manufacture of synthetic 
indigo. 

In the manufacture of sulphuric acid, again, the old- 
established English 01 leaden chamber process has not 
been allowed to remain unchallenged, for since the 
beginning of the present century it has had to meet the 
competition of the so-called contact process. This is 
based on a long known reaction, which, however, remained 
almost unutilised until the meticulous industry of German 
chemists and $be courageous enterprise of German manu- 
facturers developed it into a commercially successful 
process, which was elaborated in the works of the Badische 
Aniline und Soda Fabrik at Ludwigsbafen. (This reaction 
had for many years been used by Messel in England, but 
only for manufacture of SO3). 

The ammonia-soda and the contact sulphuric acid pro- 
cesses, although carried out in this country, have been 
largely instrumental in making other countries, more 
especially Germany and the United States, independent 
of the English production of these all-important chemicals. 
(The Clayton Aniline Co. and Nobel's Explosive Works 
nave contact sulphuric acid plant). 

In 1882 the world’s consumption of soda was 700,000 
tons (160,000 am. soda), and in 1902 1,760,000 tons 
(250,000 Le Blanc). In England in 1876 £7,000,000 was 
invested in the industry, which gave employment to 22,000 
workpeople. In x88o the British output was 430,000 tons 
and in 1896 800,000 tons. North America in 1886 pro- 
duced ixoo tons, and in 1898 300,000 tons, and Germany 
in 1878 made 42,000 tons, in xgox 300,000 tons, and in 
xgxo 400,000 tons (Molinari). The first soda works in 
Germany was only erected in 1843 by Hermann at Schdne- 
beck, near Magdeburg, and the first leaden chamber by 
Kunheim ib 1844 on the Tempelhof Plain, near Berlin. 

(To be continued) 


Royal Society of Arts. — The Albert Medal of the 
Royal Society of Arts for the current year has been 
awarded by the Council, with the approval of the Presi- 
dent, H.R H. the Dake of Connaught and Strathearn, 
K.G., to Prof. Sir Joseph John Thomson, O M., D. Sc., 
LL.D., FRS., for his researches in physics and 
chemistry, and their application to the advancement of 
arts, manufactures, and commerce. The Albert Medal 
was founded in 1863 to commemorate the Prince Consort’s 
Presidency of the Society, and is awarded for “dis- 
tinguished conduct in promoting arts, manufactures, and 
commerce. 1 ' 
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CAMPHOR: NATURAL AND SYNTHETIC.* 

By PERCY A, HOUSEMAN, Ph.D., F.I.C. 

(Concluded from p. 248. 

Formula IV. was put forward by Kannonikow in 1883 
and V. by Bredt in 1884. That Bredt was correct and 
Kannonikow incorrect in the position assigned to the 
carbonyl group is proved by the conversion 01 camphor to 
carvacrol, considered above. 


CH 3 — CH-CH3 

cl, 

CH a /\ CH a 
CH CO 

I 

CHj 

III. Kekuld, X873. 


CH 3 -CH-CH 3 

c 

CHa /N CO 
CH a lyj CH 3 


4 

•/H3 


Ch 3 

IV. Kannonikow, 1883, 


CHa— OH— CH 3 

t 

CH 2 /\ CH a 
CH* IJ CO 

CHj 

V. Bredt, 1884. 

Bredt later modified his formula to that shown by VI. 
The oxidation of camphor to camphoronic acid is then 
formulated as follows : — 


CHa CH CH a 


CH3-C-CH3 


I 

CHa C- 


-CO 


CH 3 

VI Camphor (Bredt, 1893). 

COOH 


CH a CH-COOH 

ch 3 -c-ch 3 

CHa d-COOH 

c!h 3 

VII Camphoric acid. 


COOH 
I 

CH S — C-CH S 
CH a d-COOH 

ch 3 

VIII. Camphoronic acid. 

Camphoronic acid has been synthesised, and is of known 
constitution (a-a-jS-trimethyl tricarballylic acid). Lastly, 
two other points may be mentioned in connection with 
this complicated question of the structure of camphor. 

The first is the partial synthesis of camphor by the dis- 
tillation of the calcium salt of homocamphoric acid (IX.) 
(Bredt and Rosenberg. Ann. der Chm., 289). This reac- 
tion is shown at top of next column. 

The second point is the evidence derived from stereo- 
chemical considerations. From Formula VI. it will be 
seen that camphor contains two asymmetric carbon atoms 
(pttnted in heavy type). To these asymmetric atoms 
camphor owes its optical activity. If now the carbonyl 
CO group be reduced to CH a , the asymmetry of both 
carbon atoms is destroyed, and the resulting compound 
must be inactive. This is entirely supported by the experi- 
mental results. Bredt’s formula for camphor is the only 
one to interpret satisfactorily all the reactions discussed 

above, and his formula is now generally accepted. 

* Ch$m\cal Engineer, pci., No, 2. 


CHa CH 

-CHa — COO 

CH 3 — C— CH 3 

: da = 

CHa d 

-CO : 0 


CH, 


IX. Calcium homocamphorate. 



+ CaC0 3 


Camphor. 


Synthetic Camphor . 

The raw material for the synthesis of camphor is 
turpentine, the resinouB liquid exuding from various 
Coniferce. American turpentine is mostly obtained from 
Pinus palustris , the French variety from Pinus maritime , 
and the Russian from Pinus sylvestrts . Russian turpentine 
is not suitable for the manufacture of camphor, on account 
of its low content of pinene. 

The turpentine is very carefully fractionally distilled in 
order to obtain anhydrous pinene, CxoHxc, which boils at 
about 155 0 to 160 0 C., and which should constitute 90 per 
cent of a good sample of oil of turpentine. 

Starting out from pinene, there are a great number of 
variations in the processes for the preparation of camphor. 
Hundreds of patents have been taken out (c/., 0. Kauscb, 
Kunststoffe , iv., 1—4, 24—5; F. Rochussen, Chem.Zeit ., 
1909, xxxiii., 704). Some of the typical processes will be 
mentioned here. 

In many of the processes the pinene iB thoroughly 
cooled, and is then saturated with dry hydrochloric acid 
gas. A white crystalline mass of pinene hydrochloride is 
thrown out. Pinene hydrochloride is sometimes called 
“ Artificial camphor M -an unfortunate name, for it is still 
far removed from the true synthetic camphor, and is not 
suited to the purposes for which true camphor ib used. 

The next step is to split off hydrochloric acid from the 
pinene hydrochloride, m order to obtain the hydrocarbon 
camphene, CioHig, which is isomeric with the pinene 
from which the process started. 

The following formulae indicate the first two steps — the 
addition of hydrochloric acid to pinene in the position x.a, 
and its removal from another part of the molecule, viz., 
the position 2,3 

H 

:CH CH a <J CH— 

ch 3 — d — CH, 

CHa CHa — C CH- 


CHa- 


1 


CH 3 -C-CH 3 
CH, A 


if 


jh 3 

X. Pinene. 


—Cl 


— H 


CH 3 

XL Pinene hydrochloride. 


CH a CH CH 

C— CH 3 
•CH— — CH 

i 


CHg 

CHa- 


:h 3 

XII. Camphene. 

The conversion of pinene hydrochloride to camphene 
may be accomplished in a great variety of ways, among 
which may be mentioned 

1. Heating with ammonia or with organic bases, such 
as methylamine, pyridine, quinoline, piperidine, or 
piperazine. * 





Chemical Nxws, 
May a8, 1915 


Camphor : Natural and Synthetic 


2j9 


a. Heating with caustic soda and a salt of a higher fatty 
acid, such as stearates of sodium, lead, or copper, 

3. Heating with phenolates or naphtholates of sodium, 
potassium, calcium, magnesium, &c. 

4. Heating with glacial acetia acid and anhydrous 
acetates of lead, zinc, or alkaline earth metals. 

5. Treatment with magnesium as used in the Grignard 
reaction. 

It is worthy of note that camphene is the only solid 
terpene hydrocarbon. It is a white solid melting at 
50° C. 

The next stage in the process is the conversion of 
camphene to bornyl acetate. (The term bornyl acetate 
and borneol are used for simplicity. In reality iso-bornyl 
acetate and iso-borneol are produced. The nature of the 
isomerism is not clearly understood). This is accom- 
plished, as Bertram and Walbaum showed (yourn . Prakt 
Chem xlix., x), by treating the solution of the camphene 
in glacial acetic acid with about 5 per cent of sulphuric 
acid at a slightly elevated temperature. Acetic acid is 
added on, in accordance with the formula below. Bornyl 
acetate is an oil boiling with some decomposition at about 
225° C. It is readily volatile in steam. 

The final steps in the camphor synthesis consists in the 
saponification of the bornyl acetate to borneol, and the 
oxidation of the borneol to camphor. 


CH 2 CH CH* 

CH3— d— CH 3 
CHa- 


•CHOOC— CH S 


CH, 

XIII. Bornyl acetate. 


CH a - 


■CH 
CH3-C—CH3 


CH a 
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CHOH 


CH, 

XIV Borneol 


CHa CH CHa 

CH3-C-CH, j 

I I 

CHa C CO 


CH 3 

XV. Camphor 


The saponification is accomplished with alcoholic 
caustic soda, yielding sodium acetate as a by-product. 
The borneol so obtained is, with the exception of its 
optical inactivity, identical with the Borneo camphor 
occurring in nature. 

The oxidation of borneol to camphor can be accom- 
plished by a great variety of oxidising agents— air, ozone, 
chlorine, nitric acid, potassium permanganate, potassium 
bichromate, and sulphuric acid, and finely-divided metals 
such as nickel and cobalt (Schering, German patents 
271x47 and 271x57 ; also patent of Fort Chester Chemical 
Company, New York, 1911). When potassium bichromate 
and sulphuric acid are used, chrome alum is obtained as a 
by-product. 

The type of process outlined above thus involves six 
distinct stages before the final product is obtained 

Turpentine — >• pinene pinene hydrochloride — > 
camphene bornyl acetate borneol -> camphor. 

According to a German process, the anhydrous rectified 
oil of turpentine is heated directly with anhydrous oxalic 
acid. Some camphor is formed, and the oxalic and formic 
esters of pinene, which are also present, are saponified and 
oxidised. Salicylic acid may also be employed instead of 
oxalic acid. 

The crude camphor obtained by any of these methods is 
refined by steam distillation or sublimation, in the same 
manner as the crude natural camphor is purified. 


Properties of Synthetic Camphor . 

Synthetic camphor is identical with the natural article 
in all its chemical and physical properties, with the excep- 
tion (in common with other synthetic organic compounds) 


that it is optically inactive. The question of the differences 
of physiological action of the dextro, lasvo, and synthetic 
modifications appears not to be settled (Langgaard and 
Maass, Therapent. Monatsh 1907, xx., 573 ; Brum, Qazz . 
Chem . Ital. , 1908, [2], xxxviii., x ; Hamalainen, Skan, 
Arch, fur Physiol., 1908, xxi., 64). The differences seem 
to be of degree and not of kind (see, W. E. Grove, 
yourn. Pham., i., 445). Johnstone ( Pharm . yourn., 
btxxiii., 534) makes a plea for the recognition of synthetic 
camphor in the British pharmacopoeia, on the ground of 
its therapeutic equivalence to natural camphor. 

As regards the chemical purity of synthetic camphor, 
celluloid manufacturers state that it must be quite free 
from chlorine for use in the preparation of celluloid. 

j History and Future of Camphor. 

The short history of synthetic camphor since it was firs* 
made about ten years ago has been a very troubled one, 
and the future of the industry still seems to be a matter of 
great uncertainty. This chequered career has been caused 
largely by a great fluctuation in the price of natural 
camphor. Forty years ago the price of Japanese camphor 
was about 8 cents per pound. The Japanese Government 
assumed a monopoly of camphor in 1899, after the Chino- 
Japanese War. In 1903 the price was about 30 cents per 
pound. At the time of the Russo-Japanese War, in 1905, 
the price of camphor rose to over a dollar per pound, and 
in 1906 and 1907 it waB about 60 cents per pound. While 
camphor was at its highest price chemists succeeded in 
working out tbe synthetic processes outlined above, and the 
manufacture was commenced in Germany, France, and 
England. In 1909 the Japanese, with large stores on 
hand, reduced the price of Japanese camphor to about 
30 cents per pound, a price at which it was impossible to 
manufacture the synthetic article. The French and 
English companies were unable to overcome financial 
difficulties, and it is believed that in 1910 only one factory 
was still making synthetic camphor — the Chemische Fabrik 
a. A. vorm. E. Schering. The price of camphor at the 
end of 19x0 was about 35 cents per pound, and the profits 
from the Formosan monopoly for the fiscal year ending 
March 31, 19x0, amounted to no less than 1,982,966 dols. 
with a total production of 4,000,000 kgrms. (“Chem. Abst.,” 
xgxo, 3x20). During the last four years the price of 
camphor has not varied greatly, but the outbreak of the 
present war has resulted in another rapid advance in price 
to about double the normal value. 

Synthetic camphor is now being manufactured in 
Germany by the Rheinisehe Kampfer Fabrik m Dusseldorf. 
How long this company will be able to continue in opera- 
tion is a matter of conjecture. 

When much is being said of tbe opportunity of American 
chemical manufacturers to produce materials hitherto 
imported from Germany, it is gratifying to be able to 
record that a start is to be made on the manufacture of 
synthetic camphor in Philadelphia, early in 19x5, by the 
American Camphor Corporation. 

As to the future of synthetic camphor, it would be rash 
to prophesy. 

The Japanese Government is now thoroughly alive to 
the importance of the conservation of camphor trees. 
Extensive re-planting has been commenced, but many 
years will elapse before these trees will yield camphor. All 
of the trees in readily accessible locations have been cut 
down, and, though immense camphor forests still exist, 
they are in mountainous districts of the interior, inhabited 
by savage tribes. 

Synthetic camphor has bad other enemies besides its 
Oriental rival. The price and supply of turpentine have 
been subject to considerable variation. The American 
manufacturer should, however, have less reason than his 
European competitors to fear a shortage of turpentine. 

Then, again, a substance may be found capable of 
replacing camphor in celluloid, or a substitute may be 
found for celluloid itself (*.g., German Patent 2199x8, 
1908, Chem. Fabrik Griesh eim Elektron, which covers 



260 Fertiliser Value of Citric-soluble Phosphoric Add , &c ) «? 3 W8 ‘ 


the use of dioxydiphenylsulphone). A great many experi- 
ments have already been made in this direction, largely on 
account of the inflammable nature of celluloid, and the 
work of Cross and Bevan, Knoll and Knoevenagel, and 
others, on the non-inflammable esters of cellulose, may 
supply a satisfactory substitute for celluloid in the near 
future. 

All of these questions are matters of speculation, which 
time will answer. In any case, synthetic camphor, what- 
ever its commercial future may be, stands as a splendid 
example of achievement in the field of chemical synthesis. 


THE PRODUCTION AND FERTILISER VALUE 
OF CITRIC-SOLUBLE PHOSPHORIC ACID 
AND POTASH.* 

ByWM. H. WAGGAMAN, _ 

Scientist in Investigation of Fertiliser Resources. 

Introduction . 

Th& extraction of potash from silicate rocks or the 
rendering of this alkali soluble in water has been, and 
probably will continue to be for a long time, the object of 
numerous investigations. 

Ross has investigated many of these processes, and dis- 
cussed several in some detail {Joum. of Ind . and Eng. 
Chem. t 1913, v., No. 9, 725). For convenience he divides 
them into three classes, as follows : — (1) Processes which 
yield potash as the only product of value ; (2) processes 
which yield potash and some other saleable material as a 
by-product ; (3) processes in which two or more opera 
tions are combined in one, yielding a fertiliser containing 
two or more of the constituents — potash, phosphoric acid, 
and nitrogen. He describes two methods for obtaining 
potash from felspar by treating mixtures of that mineral 
and lime, collecting the potash thus liberated, and using 
the residue for *he manufacture of cement. The potash 
obtained by these processes, however, is in the form of 
oxide or hydroxide, and is therefore more valuable for 
other purposes than for the manufacture of fertilisers. 
Ross also tried heating together felspar and lime with the 
addition of phosphate rock, but found that the latter sub- 
stance did not enter into the reaction, there being no 
increase in the quantity of potash thus obtained over that 
produced by the ignition of felspar and lime alone. 

The production in a single operation of available phos- 
phoric acid and potash from insoluble minerals, however, 
presents possibilities which are particularly attractive, and 
several processes have been devised to accomplish this 
end. It is the purpose of this paper first to discuss these 
existing methods, and then to describe a process recently 
devised in this laboratory for rendering the phosphoric 
acid and potash in a mixture of phosphatic limestone 
and felspar “citric soluble.’ 1 

Earlier Methods . 

There are four recorded processes for making a phos- 
phoric acid-potash fertiliser from phosphate rock and 
felspar. (Since transmitting this manuscript several other 
processes have been devised. The author regrets that it 
is impracticable to consider these methods in the present 
paper). In chronological order they are as follows : — 

A method devised by Charles Bickell in 1856 (U.S. 
Patent No. x6iii, X856), which consists in heating in a 
reverberatory furnsce to a light redness for two hours an 
intimate mixture of one part felspar, 0*5 part phosphate 
of lime, and three or four parts of air-slaked lime. Bickell 
claims that both phosphoric acid and potash in available 
forms are obtained by this treatment. 

This experiment was repeated in this laboratory, using 
felspar, Tennessee phosphatic limestone, and calcium 
carbonate in the following proportions : — 

* BvlUttn X4S, U.S. Department of Agriculture, Bureau of Soils* 


Per cent. 

Felspar (137 per cent K a O) 22-2 

Phosphatic limestone (23 per cent P2O5) . . ix*i 
Calcium carbonate 66 7 


Assuming that the carbon dioxide present in the calcium 
carbonate and phosphatic limestone was the only sub- 
stance volatilised during the process, the product should 
have contained after ignition 4*38 per cent potash (K2O) 
and 3*4 per cent phosphoric acid (P2O5), Analysis of the 
residue, however, gave the following results 

K *0 : — Per cent, 

Total x*94 

Water soluble 0*18 

P a 0 5 :- 

Total 3*62 

Citric soluble 1*40 

These results show that over 44 per cent of the potash 
present in the mixture was volatilised upon ignition, and 
of that which remained in the residue only 9 per cent was 
water soluble. While none of the phosphoric acid was 
volatilised, less than 39 per cent of the total amount 
present was soluble in a 2 per cent solution of citric acid 
(the method usually employed for determining the avail- 
ability of phosphoric acid in basic slag). 

The second process for the manufacture of a phosphate- 
potash fertiliser from felspar and phosphate rock was 
devised by Frederick Klett in 1865 (U.S. Patent No. 
4989 x, 1865). It consists of heating to redness for five 
hours an intimate mixture of one part felspar, two parts 
carbonate of lime, one part phosphate rock, and adding 
for each part of K 2 0 in the felspar two parts of calcium 
fluoride. It is claimed that a soluble silicate of lime and 
potassium phosphate are thus obtained. In view of the 
fact that the percentage of potash in the mixture iB rela- 
tively small and that the time of heating is very long, it is 
hardly likely that the value of the product would cover 
the cost of manufacture. Moreover, the claim that phos- 
phate of potash is formed in the operation is apparently 
not justifiable. It was thought advisable, however, to 
test this process also. A mixture of the following compo- 
sition was made up and ignited in a muflle furnace tor 


five hours at red heat : — 

Per cent 

Felspar (13 per cent KjjO) 24*21 

Phosphate rock (32 8 per cent P a 0 5 ) . . 24*21 

Calcium carbonate 48*42 

Calcium fluoride . . 3*15 


The slightly sintered product of this mixture was finely 
ound and analysed both for potash and phosphoric acid, 
carbon dioxide were the only volatile substance formed 
by heating the above mixture the final product should 
have contained 4 per cent of KaO and 10*09 P er cent of 
P2O5. Actual analysis of the material, however, gave the 
following results: — 


K2O - Per cent. 

Total .. .. .. 0*60 

Pa 0 5 — 

Total 10*51 

Citric soluble 4*15 


Here again, as in Bickell's process, the potash nearly 
all volatilised, while less than one half of the phosphoric 
acid present in the residue is citric soluble. 

The third process for rendering the phosphoric acid and 
potash of rocks available for fertiliser purposes is that of 
Coates^ (U.S. Patetit No. 94779 5, 1910), which consists 
in adding to the sterilised rock mixture certain micro- 
organisms that effect the breaking down of the rock 
minerals. It is understood that the material thus pre- 
pared is being tried out experimentally by actual field 
tests, the results not yet having been reported. 
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In 1922 Haff (U.S. Patent No. 10x8x86, zgxa) devised 
a process for making potassium sulphate from a mixture of 
felspar and phosphate rock. The method is based on 
the fact that at high temperatures and in the presence of 
silica and a non-volatile base both potash and phosphoric 
acid are volatilised. Half claims that 95 per cent of the 
potash and phosphoric acid of natural rocks can be driven 
off at a temperature of 2000° C. t and collected by passing 
the fumes through scrubbing towers. While this method 
has uot been tried out in this laboratory, the cost of main- 
taining the high temperature necessary for the decomposi- 
tion of the minerals and the expense of collecting and re- 
covering the potash and phosphoric acid thus volatilised 
make it very doubtful if this process is commercially 
practicable. 

The Fusion of Felspar and Phosphate Rock . 

The solubility of phosphates in certain organic solutions 
has for a long time been regarded as a test of their agri- 
cultural availability. The nature and strength of tbe 
organic solvent used differs in various countries, and since 
each process is based on an arbitrary standard, it can only 
give corresponding results when conditions are the same. 
But, in spite of the fact that none of these methods is 
founded upon a strictly scientific basis, it is generally 
thought that phosphates soluble in such solutions are under 
soil conditions more active than those which do not dis- 
solve in the same mediums. 

The beneficial effect of the phosphoric acid in finely 
ground steamed bone is unquestioned, and although little 
of it is water soluble, a neutral solution of ammonium 
citrate will dissolve from 12 to 31 per cent of the acid, de- 
pending on the temperature of the solution and the time of 
contact (H. A. Huston, 32nd Annual Report Indiana 
State Board of Agriculture, 1883, 230 ; H. W, Wiley, 
“Principles and Practice of Agricultural Analysis,” 
ii.,47; H. J. Wheeler, “Manures and Fertilisers,” 19x3, 
172). < It is also an indisputable fact that excellent results 
have been obtained by the use of basic slag as a fertiliser, 
and it Is claimed that these results are commensurable 
with the amount of citric soluble phosphoric acid present 
in the material. 

It has therefore become customary to regard citrate or 
citric soluble phosphoric acid as having a commercial 
value nearly equal to that of water soluble phosphate. 
(A report of a conference of the experiment stations of 
New York, New Jersey, and New England, March x, 
xgix, indicates that citrate soluble phosphoric acid has 
about nine-tenths of the fertiliser value of water soluble 
phosphoric acid). While this is true of phosphates, the 
same view is not taken of potash-bearing substances, since 
practically all of the potash carriers used in agriculture are 
Water soluble. The potash in tbe ordinary soil minerals 
is almost entirely insoluble in water, and but slightly 
soluble in the mineral acids, but if the potash present 
could be converted into a citric soluble form there seems 
to be no reason why it should not be considered as avail- 
able to crops as citric soluble phosphoric acid. 

During some investigations carried on in this laboratory 
on the possibilities of rendering the slags from the iron 
and steel industries available for fertiliser purposes, 
attempts were made to fuse together mixtures of felspar 
and pbosphatio limestone with a view to obtaining both 
the potash and phosphoric acid present in an “ available ” 
form {Bui, 95, Bureau of Soils, U.S. Dept, of Agr,, 19x2). 
Mixtures containing various proportions of these two 
substances were ignited at temperatures ranging from 
xaoo to X400 0 C., but only viscous fusions were obtained, 
and the potash and phosphoric acid in none of these were 
soluble in 2 pet cent citric acid, the solution convention- 
ally employed to determine the availability of phosphoric 
acid in Basic slag. 

The failure to obtain liquid fusions was at the time 
attributed to the absence of iron or manganese, or both, 
in the mixtures, since it is well known that these elements 
impart fluidity to Blags in the manufacture of iron and 


steel. Subsequent experiments have proved that such was 
the case, for on the addition of Bmall quantities of these 
two elements to ceitain mixtures of felspar and phos- 
phatic limestone liquid fusions were obtained, and these 
were found to contain both phosphoric acid and potash in 
a citric soluble form. 

In Table I. is given the composition of the materials 
used in the experiments : — 

Table l. —Composition of Felspar and l hos photic 
Limestone used . 


Material 
(per cent) 

Felspar 

Phosphatic 

limestone 

SiO a .. .. 

65 7 

32*4 

AUO3 * . . . 

.. 18*4 


CaO .. .. 

. . — 

37 ' 1 

K2O • • ■ • 

137 


N . . • • 

.. 2*2 

— 

P2O5 . . . . 

.. — 

200 

C 0 2 . . . . 

.. — 

i °*5 


The above materials were mixed in various proportions, 
and small amounts of hematite and manganese dioxide 
were added. Each mixture was then placed in a graphite 
crucible and heated in a muffle furnace until fusion took 
place. The melts were then cooled, finely ground, and 
analysed for phosphoric acid and potash (both total and 
citric soluble). 

It was found that while citric soluble potash can be 
readily obtained by heating various mixtures of felspar 
and phosphatic limestone over a wide range of tempera- 
tures, the limits within which the maximum yields of 
citric soluble phosphoric acid are obtained are quite 
narrow, both in respect to the proportion of the ingredients 
in the mixture and tbe length of time of heating. 

The percentages of the ingredients used in the various 
mixtures before ignition and the composition of the melts 
are given in Table II. 

Table II — Proportions in which Ingredients were Mixed 
and Analysts of Melts obtained. 

Sample No. 



25 S. 

28 S. 

33 S. 

3tS. 

Amount of material used (per cent) 

— 



Felspar , . 

42*8 

37*5 

46*8 

37*5 

Phosphatic limestone . • 

4-r8 

50*0 

37*5 

42*5 

Fe 2 0 3 .. •« .. . . 

86 

7*5 

9*4 

12*5 

MnO* 

5*7 

5*o 

63 

75 

Analysis of melts (per cent) 

— 




P2O5 soluble in citric acid 

2*X2 

1*50 

7 22 

5 80 

Total P 2 0 5 

976 

11*40 

7*21 

9 13 («) 

K2O soluble in citric acid 

6*56 

5*33 

6*50 

4*50 

Total K 2 0 .. .. .< 

6*§2 

5*68 

6-48 

5*26 


^ t " — — *r 1 ■ 

Properties of fusion.. .. Slightly viscous. Liquid. 


(a) Not determined by analysis, but calculated from the 
quantity of felspar added. 

Table II. shows that nearly alt of the potash present 
after fusing the various mixtures was soluble in 2 per 
cent citric acid, but in only one case (33 S) was the total 
phosphoric acid present after ignition soluble in this same 
medium. 

Further investigation showed that both the quantity and 
Solubility of the phosphoric acid remaining in this melt 
was greatly influenced by the temperature and length of 
time of heating. In order to test the effect of these two 
factors on the composition and nature of the melt, this 
mixture (33 S) was heated for various periods of time and 
at several different temperatures. The melts thus obtained 
were cooled, ground, and analysed. The results of these 
analyses are given in Table III. 

It is shown in Table III. that when the mixture was 
heated to 1200* C, for about twenty minutes the fusion 
was not complete, and only a little more than 21 per cent 


262 


Welsh Notes , 


{ 


Chemical News 
May a8, 19x5 


of the total phosphoric acid present was citric soluble ; 
over 88 per cent of the potash, however, was soluble in 
the same medium. Upon raising the temperature to 
1400° C. and maintaining it there for twenty minutes the 
fusion became quite fluid, and although small amounts of 
potash and phosphoric acid were lost through volatilisa- 
tion, the remainder of these ingredients was entirely 
soluble in 2 per cent citric acid. After heating the mixture 
for one hour longer at the same temperature, almost 50 per 
cent, of the phosphoric acid and more than 15 per cent of 
the potash were volatilised, and upon heating for three 
hours more the phosphoric acid was itili further reduced. 


Table III . — Properties and Analyses of Melts obtained b) 
heating together Phosphatic Limestone and Felspar 
with small amounts of Hematite and Manganese 
Dioxide . 


Sample No 


33 SA. 

33 SB. 

*33 SC 

33 SD 

1200 

1400 

1400 

1400 

20 

40 

IOO 

280 

1*82 

7*22 

2*50 

1*20 

8-50 

7*21 

376 

2*88 


Time of heating (minutes) 

P2O5 (per cent) — 

Citric soluble . . . . 

Total 

K2O (per cent) — 

Citric soluble .. .. 5‘9 8 6*50 Lost. Not deter. 

Total 676 6*48 5*48 Do. 

Properties of fusion . . . Viscous. Liquid. Less Viscous. 

liquid. 


The sample richest in citric soluble phosphoric acid and 
potaBh (33 SB) was submitted to a microscopic examina- 
tion by Mr. W. H. Fry, of this Bureau. It was found to 
be isotropic, and possessed all the external characteristics 
of a glass. 

This was to be expected, however, since the melt was 
cooled too rapidly to allow of its crystallisation. 

(To be continued). 


WELSH NOTES. 

(By Our Special Correspondent ). 

May 15, 1915- 

The trade report of Swansea Harbour for April, which 
was read this week at the monthly meeting, was a melan- 
choly document, showing as it did a wholesale shrinkage 
in the exports and imports, the former to the extent of 
n per cent and the latter 7 per cent, or a gjross reduction 
of 43,000 tons. The principal decreases in the exports 
were as follows:— Tar and pitch 4600 tons, calaihine 
xo.ooo tons, steel bars and billets 3000 tons, cement 1000 
tons, pyrites 3700 tons. The only articles which mate- 
rially increased were copper ore 1760 tons, and iron ore 
16,000 tons. Patent fuel also showed an increase of 
xo,ooo tons. In regard to the staple manufacture, the 
tinplate trade, the shrinkage from 34,911 tons to 27,198 
tons, was almost entirely attributable to the war, Ger- 
many's import of 2087 tons and Roumania’s of 4060 tons 
having disappeared. 

There has been great activity at the Swansea blast fur- 
naces during the week, and outputs considerably increased 
at all the steel works, although there was a shortage of 
men. The demand for copper continued on a large scale. 
All refineries were working at the highest pressure. There 
was some depression in one section of the tinplate trade 
during the week. The tin and sheet mills and the bar- 
rolling mills at the Upper Forest Works were idle all the 
week owing to a dispute. All spelter factories were kept 
very busy, and the lead- pipe works and safety-fuse factory 
had a particularly good run. Experimenting departments 
were going on well at the metal-extr action works, and a 
splendid trade passed at the Mond Nickel Works. Sul- 
phuric acid factories in the Swansea Valley are going 


fairly well, but the demand for vitriol continues on a small 
scale. 

Dowlais Works are very busy, almost every department 
working at high pressure over the week-end. The blast 
furnaces produced crude molten iron for the steel con- 
verters, and pig iron ior stock, &c. The Bessemer and 
Siemens furnaces are working busily all through. The 
Goat Mil! had a very heavy period on large and heavy 
patterns of steel rails, billets, and steel sleepers, besides a 
quantity of square bars of steel and some tin bar. The 
Big Mill was engaged on lighter materials, such as sole- 
plates, fish-plates, &c. 

The patent fuel works at Port Talbot are working at 
very high pressure, and the copper works are calling for 
every available man to deal with some large naval con- 
tracts. Tinplates in Port Talbot are experiencing their 
share of the general slump, only 218 tons being exported 
last week. I have it on the most reliable authority that 
negotiations have been completed m connection with the 
erection of extensive blast furnaces, sheet mills, and by- 
product works on a site adjacent to the old Port Talbot 
Copper Works. This project, which is estimated to cost 
some hundreds of thousands of pounds, has been held in 
abeyance for some months in consequence of certain 
technicalities arising in the process of negotiations. These 
points, I now understand, have been definitely settled, 
and the scheme will be proceeded with at an early date. 

There is to be a probable further development of the 
important extensions to the Ebbw Vale Steel and Iron 
Works, which were started last week, for it is now stated 
that, at the request of the Government, more new plant is 
to be put down to extract benzol, which yields a chemical 
necessary in the production of high explosives. This 
plant has yet to be erected, but it is noteworthy that the 
Government has seized the opportunity of securing an 
output of this important product such as will be obtain- 
able from so large an installation as that of the Ebbw Vale 
Company. 

The death took place during the week-end of a well 
known figure in Welsh chemical trade circles in the person 
of Mr. D. J. Owen, Perriel Green, Llansamlet. The' de- 
ceased gentleman was employed as chemist and assayer at 
the Swansea Vale Spelter Works, and was very deeply 
respected in the locality. He took an active interest in 
the social and religious life of Llansamlet, and it is a sad 
coincidence that his daughter, the only child, was married 
but a few days prior to his death. 

The death took place at Llanelly Hospital on Tuesday 
of Frank Groves, Frederick Street, who on the Wednesday 
previously sustained terrible injuries by falling into a tank 
of vitriol. Groves was removing a cradle of tinplates 
from the acid tank to the water when he missed his footing 
and fell into the acid* 


May aa, 19x5* 

There was some improvement in the trade of Swansea 
Port during the past week, although a loss of 16,000 tons 
as compared with the corresponding period last year was 
registered. Patent fuel exports were very satisfactory 
here as were they also at Port Talbot. Imports included 
X48 tons of copper ore from France and also 2287 tons 
steel scrap from the same country 5 23x0 tons of blend ore 
from Spain, 1440 tons of copper ore and 6300 tons of 
iron ore from Newfoundland. Tinplate shipments were 
as follows 77,825 boxes— 84,377 boxes being received 
from works. Stocks in the dock warehouses and vans 
320,481 boxes, compared with 313,929 boxes the pre- 
ceding week and 268, 161 boxes the corresponding week 
last year. 

There was no increase in the volume of trade in the 
Swansea Valley, although great pressure continued at the 
blast furnaces, and the steelworks collectively showed fair 
activity. The copper industry was still very busy, but the 
tinplate trade remained quiet. All the spelter establish- 
ments are in full swing, and the aggregate production 
during the past few days has been very heavy. Safety- 
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fuse and lead-pipe factories are working well, and there 
was little change at the Mannesmann Tube Works, 
employment still being heavy. Production at the Mond 
Nickel Works is still growing, and employment is espe- 
cially good at the metal extraction departments. Iron and 
brass foundries and moulders are actively engaged, but a 
slight decline 13 experienced at the sulphuric acid factories, 
due, I am told, to the poor call for vitriol. 

A very strenuous period is being experienced at the 
Dowlais Steel and Iron Works, all departments from the 
furnaces to the rail-banks being well employed. The 
Goat Mill turned out during the week steel sleepers, steel 
rails of heavy pattern, cogging steel and bars, besides 
some tin bars. The Big Mill was engaged on light tram 
rails for collieiy sidings and underground work, curves and 
props and fish-plates, for which there was a good amount 
of pressure. 

The war is hitting the Welsh tinplate industry very 
hardly, and there are many soundly-based fears that much 
of its export business, upon which it mainly depends, will 
be captured by its great competitor, the United States. 
For the four months ending April 30th the total exports of 
tinplates, terneplates, and blackplates amounted to 143,176 
tons, as compared with 194,995 tons m the corresponding 
period last year, a reduction of 26 per cent. As against 
this there has been a little increase in home consumption. I 
At present, out of 581 sheets and tinplate mills in the 
industry about 150 are idle. The price of tinplates is 
now higher thanm the record year of the McKinley boom. 
The price then was 17s. 6d. per box; the price now 
quoted is 18s. 3d. 

It is the high price of Welsh plates that will give a 
golden opportunity to American competitors to capture 
exclusively Welsh business. Wales to-day stands no 
chance of securing any ot the rebate trade. A little while 
ago the Standard Oil Company entered the market for 
220,000 boxes to be used m the American export trade, 
and on account of the rebate imported plates would be 
practically tariff free. Welsh makers, however, on account 
of the low prices reigning in America were entirely out of 
running as the order was snapped up by an American 
independent plant at about 12s. per box, 100 lbs. 

Three days after I wrote in these notes last week, of the 
new blast furnaces and steelwork plant to be installed at 
Port Talbot, an official announcement was made at 
Birmingham. The new coke ovens and by-product plant 
alone will cost £500,000, although it has been definitely 
decided that building operations will not be proceeded with 
until peace is m sight. 

These important developments are supplemented by the 
scheme of another company— the Atlas Coke and Patent 
Fuel Company— which is connected with the Cribbwr 
Vawr Collieries and will utilise a site adjoining that of 
Messrs. Baldwin’s, at the Port Talbot Docks, for the pur- 
08e of establishing coke ovens. It is intended m the 
y-product works to extract all by-products down to tar 
ana the surplus gas will be used for the generation of 
electric power. 

It is interesting to note that the system adopted in the 
new steelworks will be identical with that in use at 
Landore, utilising the invention of Mr. Cast of carrying 
the molten pig iron direct from the blast furnaces to the 
steel furnaces and converting it into steel by practically 
one process. 

The large new Technical College which Swansea has in 
view is a source of much anxious speculation as to whether 
it will receive any encouraging grants for the purpose of 
engineering and chemical Instruction. There is no doubt 
that a magnificent system of technical training is needed 
in South Wales. Many clever young men have been 
debarred, by expense, from taking advantage of the 
English schools, and it is only reasonable to believe that 
science has lost thereby many a brilliant adornment. 
There are good reasons, however, for believing that all 
this is to be changed in the very near future, for Wales 
has awakened to its need, and Swansea, in particular, 


supported by a band of practical enthusiasts, is determined 
to bring about a new order of things. 

Sir Alfred Mond, M.P. for Swansea, has been giving 
the Government the benefit of his chemical knowledge on 
the subject ot asphyxiating gas, and is at the present 
moment sitting on a Committee which is considering the 
subject. He is, by the way, one of the largest manu- 
facturers of chlorine in the world. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY, 

Ordinary Meeting , May 13, 1915. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows : — 

“ The Development of the Thymus , Epithelial Bodies , 
and Thyroid in the Vulpine Pkalanger ( Tnchosurus 
vulpecula). 9 By Elizabeth A. Fraser and Prof. J. P. 
Hill, F.R.S. 

“ Some Observations on the Development of the Thymus , 
Epithelial Bodies , and Thyroid tn Phascolarctos , Phas - 
colotnys , and t erameles By Elizabeth A. Fraser. 

“ Measurement of the Specific Heat of Steam at Atmo- 
spheric Pressure and 104 5 0 C.” By J. H. Brinkworth. 
With a Preface by Prot. H. Callendar, F.R.S. 

The measurement of the specific heat ol steam in the 
immediate neighbourhood ot 100° C. permits extreme 
steadiness in the conditions of observation, and is impor- 
tant as a starting-point for the investigation of the varia- 
tion of the specific heat with pressure and temperature, 
but presents special difficulties owing to the possible 
presence of water m suspension when the superheat is 
very small. 

The majority of determinations, such as those ot 
Regnault (125 to 225 0 C.), and Holborn and Henning 
(no to 270° C.), have been made with highly superheated 
steam, and throw little light on the value near xoo° C. 
Those of Knoblauch and Jacob, and Knoblauch and 
H. M oilier, when extrapolated towards saturation, appear 
to indicate a very rapid increase in specific heat near the 
saturation-point. 

The theory of the variation of specific heat with 
pressure is discussed in the preface In relation to Borne 
experiments by the Joule-Thomson method, the results of 
which were published m a previous communication. It is 
shown that the presence of only half-a millionth of a 
grm. molecule of salt pet grm. of steam is sufficient to 
raise the apparent specific heat by xo per cent at 103° C., 
and that previous measurements near saturation were 
probably affected to a slight extent by this source of error. 

Special precautions were taken in the investigation to 
secure pure dry steam, and the conditions of experiment 
were varied widely, especially with regard to external heat- 
loss. By using a silvered jacket of silica maintained at a 
high vacuum the loss was reduced to about a tenth of that 
in previous experiments, and amounted to only two or 
three parts in xooo of electric energy supplied. 

The final result found was— 

S » 2030 joules per grm. per x° C., at 760 mm. and 
104*5° C., 

which is equivalent to 0*485 mean calories under the same 
conditions, and is m good agreement with Regnault’s 
result at 175° C. if allowance is made for the small 
variation deduced from the experiments by the throttling 
method. 

“ Thermal Properties of Carbonic Acid at Low Tempera- 
tures 99 (II.J. By C. F. Jenkin and Dr. R. Pye. 

ThiB is a continuation of the paper on the same subject 
published in the Phil . Trans., A, ccxviii., 67. It contains 
a description of (x) a series of measurements of the total 
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heat of COa gas from which the specific heats are de- 
duced ; (2) a few re-measurements of the total heat of 
liquid COa ; and (3) a series of throttling experiments on 
CO2 gas. 

By means of the first series the Bp chart, part of which 
was drawn in the former paper, is extended over the super- 
heated gas area ; its accuracy is then checked by means of 
the throttling experiments. Graphic methods are de- 
scribed for {dotting the results of throttling experiments, 
and thereby checking the specific heats of the gas and 
position of the gas-limit curve. 

Finally, an l<j> chart is constructed for C 0 2 based on the 
measurements described in both papers. To assist in the 
construction of this chart a series of theorems connecting 
the total heat I with the other variables p, v, 0, and <p are 
worked out, and their use in checking the accuracy of I<f> 
charts for any substances is explained. 

The authors hope that the new 1 $ for CO2 chart, which 
extends and corrects Mollier’s, may be of some technical 
value in the refrigeration industry. 


N0TICES_0F BOOKS. 

The Absorption Spectra of Solutions as Studied by means 
of the Radio-micrometer . By Harry C. Jones and 
Collaborators. Washington, D.C. : The Carnegie In- 
stitution. 1915. 

The working bearing directly or indirectly on the solvate 
theory of solution which has been done in the Johns 
Hopkins Laboratory daring the last fifteen years has been 
brought together in this monograph. The first paper 
describes the work on the absorption spectra of solutions 
done by Dr. Shaefier and Mr. Paulus. The radio-micro- 
meter used for studying the absorption spectra quantita- 
tively consisted of a thermo-electric junction attached to a 
loop of non-magnetic wire, the whole being suspended in 
a magnetic, field. A differential method of determining 
the transmission of light was employed, and special cells 
were constructed for the pnrpose. The work of earlier 
investigators showed that combined water has less power 
to absorb light than free water, and the authors have now 
found that solutions of some non-hydrated salts are about 
as transparent as pure water, except at the bottoms of the 
absorption bands, where they are more opaque. Solutions 
of hydrated salts have generally greater transparence than 
pure water at the centres of the absorption bands. The second 
chapter contains the report of Dr. Leslie D. Smith’s work 
on the conductivities, temperature coefficients of con- 
ductivity, dissociations, and constants of some organic 
acids in aqueous solutions, the object of the investigation 
being to obtain more data over a wide range of tempera- 
ture and dilution, to improve methods and discover new 
relations. Most of the earlier work has been confirmed, 
and some fresh results have been obtained. In the next 
paper work on the conductivity of certain organic acids in 
ethyl alcohol is described. For the purposes of this 
investigation different types of cells had to be employed 
owing to the high resistances of alcoholic solutions, The 
investigation was of a preliminary nature only, but some 
very important results were obtained and certain anomalies 
in the variation of the conductivity were observed. It is 
found that with the organic acids the conductivities in 
alcohol are often several hundred times smaller than in 
water. The conductivity and viscosity of solutions of 
potassium iodide and sodium iodide in mixtures of ethyl 
alcohol and water were studied by Dr. Wightman, Dr. 
Davis, and Mr, Holmes, and some improvements in 
methods of determining them were suggested ; in general 
the results of previous workers were confirmed. Rubidium 
salts in mixtures of acetone and water, and also rubidium 
and ammonium salts in ternary mixtures of glycerol, 
acetone, and water have also been investigated. The 
conductivities of the ternary solvents indicate that water 
and acetone act as dissociating agents in glycerol. Tem- 
perature coefficients of fluidity are larger than for con- 


ductivity, as in binary solvents, and the formation of 
solvates is a possible explanation of the difference between 
these coefficients. The investigation emphasises the 
already known fact that fluidity probably outweighs all 
the other factors affecting conductivity. The last chapter 
of the book consists of the monograph recently noticed in 
the Chemical News. The lines of evidence in favour of 
the solvate theory are summarised in it and discussed, and 
the significance of the theory is well explained. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comptes Rendns Hebdomadaires des Seances de l* Academic 
des Sciences. Vol. clx. No. 16, April 19, X915* 

Benzofulvanol and Benzofulvene. — V. Grignard and 
Ch. Courtot.— Benzofulvanol can be prepared by the 
action of the magnesium derivative of indene on trioxy- 
methylene. The magnesium compound is precipitated in 
toluene and washed with anhydrous ether, in which it is 
afterwards suspended. The calculated quantity of dry 
trioxyraethylene is then added, and the mixture is heated 
with a reflux condenser for about five hours in an 
atmosphere of. hydrogen. The liquid is hydrolysed over 
ice with ammonium chloride and ammonia, the ethereal 
solution is dried, and the ether is distilled ofi at a temperature 
not exceeding 50°, The residue consists of benzofulvanol, 
which can be purified by distillation in vacuo. It appears 
to be the a-alcohol, and it can be dehydrated quantitatively 
by Senderens 7 catalytic method in vacuo t the product 
being benzofulvene, which readily polymerises giving a 
vitreous mass like colophane. 

Theory of Oscillation of the Indene Double Bond. 
— Ch. Courtot.— By the action of benzyl chloride upon the 
magnesium derivative of indene the author has shown that 
the mono-substituted indenes are capable of existing in the 
free state in the ct- and 7-forms, the a-form being readily 
converted into the other by the action of alkalis. This 
phenomenon of isomerisation has made it impossible, up 
to the present, to isolate the a-dcrivatives. 


NOTES AND^ QUERIES. 

Vamllin and Benzaldehvde.— The favour requested of the 
address, of an English manufacturer of vanillin and chlor free ben/- 
aldehyde. These chemicals I have imported from Germany, but \\ ould 
like 10 get aame from England,— An r. Avi i>, 


MEETINGS F0R_THE WEEK. 

Tuesday, June 1st. — Royal Institution, 3 “ The Evolution of Steel— 
Influence on Civilisation,” by Pxof. J. O. 
Arnold, F R.S. 

Wednesday, and.— Society of Public Analysts, 8. •* Estimation of 
Starch in Cocoa by the use of Taka Diastase,” 
by C. Revis and H. R. Burnett. “ Volumetric 
Estimation of Ferrotyanidcs,” by B. Campbell. 
H Corean Beeswax,” by S. Ueuo. “ Determina- 
tion of j8«NaphtboI In Lysol and similar Com- 
pounds,” by R. Bodmer. “Composition of 
Dutch Cheese,” by J. T. L. van Ryn. 

Thursday, 3rd.— Royal Institution, 3. “Methods of Presenting 
Character in Biography and Fiction,” by 'Wilfrid 
Ward. 

— Royal Society. “ Soil Protozoa and Soil Bacteria,” 

by E. J. Russell, “ The Chromosome Cycle in 
Coccidia and Gregarines,” by C, Dobell and A. 1 *. 
Jameson. “ Influence of Oases on the Emission 
of Electrons and Ions from Hot Metals,” by 
0 . W. Richardson. “ Shapes of the Equipotential 
Surfaces in the Air near long Buildings or Walls 
and on their Effect on the Measurement of 
Atmospheric Potential Gradients,” by C. H. Lees. 
“ The Band Spectrum associated with Helium," 
bv J. W. Nicholson. 

- — Chemical, 8.30. “Thermal Study of the Carbon- 

isation Pr« cess,” by H. Hollings and J W. Cobb. 
’ “ Properties of Cold-worked Metals— Part I., The 

Density of Metallic Filings,” by T, M. Lowry and 
R, G. Parker. 

Friday, 4th,— Royal Institution, 0. “ Radiations from Exploding 
Atoms,” by Piof. Sir Ernest Rutherford, F.R.S., &c. 

Saturday, 5th.— Royal Institution, 3. “ Mary Queen of Scots,” by 

I Prof. R. S, Rait. 
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ANILINE DYES. 

By Mrs. DOUGLAS. 

Aniline dyes were a triumph of chemical ingenuity over 
natural production. The simple old method of the home- 
dyers was to extract his colours from the plants, the 
lichens, and the barks of trees that grew about his doors. 

The very first aniline preparation was made by 
Unverdorben in 1826, and was obtained by dry distillation 
from indigo. Curiously enough to-day the indigo plant is 
the one that has been most thoroughly superseded, because 
aniline indigo can be obtained so much more cheaply. So 
in manufacturing this colour Germany has practically 
killed one of India's finest native industries, and it seems 
to us that this would be a most excellent time to revive it. 
There has, of late years, been a considerable reaction in 
favour of genuine native herbal dyes. They produced 
infinitely more artistic shades than the much-vaunted 
aniline dyes. 

This interchange of aniline and indigo shows that they 
are very nearly related. Aniline takes its name from anil^ 
the Portuguese word for indigo. 

It was in 1834 that aniline was first produced from coal- 
tar by Runge. To his preparation he gave the name of 
hyanoU on account of the power he discovered it pos- 
sessed of producing purple or violet tints when united with 
bleaching-powder. The next step was taken by Fritsche, 
who, in 1840, produced a volatile liquid from indigo, and 
was the first to give it the name of aniline for Unverdorben 
had called his product crystalline. Very soon after 
another chemist called Zinin brought out a liquid called 
benaidam, reduced from nitrobenzene (a derivative of 
coal-tar), and Fritsche promptly pointed out that it was 
practically identical with aniline. It only remained for 
Hofmann, in 1843, to make clear that crystalline , hyanol , 
aniline , and benxidam were all one and the same thing. 
Thus the genealogy of aniline is complete. 

It will be noted that all these discoveries were made by 
German chemists, but it was an Englishman, Mr. W. H. 
Perkin, who, in 1856, was practical enough to utilise 
aniline as a dye. Germans are quick to take a hint, how- 
ever, and although Britons started the manufacture they 
were soon out-distanced by foreign competitors, and 
practically the whole trade passed into German hands. 

The first dye produced by Mr. W. H. Perkin was a 
brilliant and delicate mauve. The aniline dyes rose to 
the height of their fame in the Victorian era, and are 
eminently characteristic of it. At first they emulated the 
petunia and the cineraria in their range of bright but 
inartistic shades. Of late years they have been marvel- 
lously modified and an extremely rich range of shades 
from sober to gay has been obtained. But wonderful as 
they are, however, they never satisfy the artistic soul as 
do the old-fashioned herbal dyes, whose tints Beem to 
come direct from the palette of Mother Nature. 

Aniline is a colourless liquid, and is manufactured by the 
action of hydrochloric acid and iron scraps on nitro 
benzene. Lime is added, and the aniline distilled by 
steam. The different dyes are obtained mostly by com- 
bining aniline with various acids. Hofmann, for instance, 
first produced red by treating aniline with nitric acid. 
Endless discoveries and adaptations have been made, 
however, in the use of aniline. 

It is one distressing fact that the manufacture of aniline 
dyes is not a very healthy occupation. Those engaged in 
it often suffer from headaches and nausea. On the other 
hand, aniline is of considerable use in the preparation of 
certain medicines. It maybe mentioned that all work- 


men are not injuriously affected by aniline ; many after a 
fortnight or so become accustomed to it, and find it quite 
as healthy as most occupations. 

Aniline is one proof of the marvellous properties of 
coal-tar. No substance has produced a greater variety of 
useful and beneficial substances. It is said that diamonds 
can be made from coal-tar oil. Creosote, benzene, and 
naphthaline are amongst the best known variants of 
coal-tar. 

The whole history of dyes is interesting and romantic. 
The Eastern nations have ever been artists in colours, and 
the famous Tyrian purple dates from 2500 b.c. Pliny 
describes how a single drop of colouring matter was 
obtained from a sac liquid in the throat of each tiny murex. 
This liquid was heated with sea-salt exposed to the air, and 
after a somewhat lengthy although not elaborate process 
made ready for use. Cochineal is also an animal dye, but 
the pure indigo and saffron, like all the best dyes, come 
from comparatively insignificant plants. 


A REVISION OF THE ATOMIC WEIGHT 
OF LEAD.* 


Investigations have been carried out at the Chemical 
Laboratory of Harvard College by Gregory Paul Baxter, 
Thorbergur Thorvaldsen, and Fred Leslie Grover upon 
the atomic weight of lead from different sources. 

Very thorough precautions were taken in the prepara- 
tion and purification of all the reagents and apparatus 
used, and separate investigations were conducted for the 
production of lead and silver, nitrates and bromides, and 
the purification of the lead. The determinations were by 
the analyses of the bromides. 

Two series of determinations were first made, one of 
twelve and the other of six experiments ; the individual 
values found varied between the limits 207*14 and 207*22, 
giving a mean of 207*19. 

The work was continued by Mr. Grover using both lead 
bromide and lead chlorides. Elaborate research was 
conducted on the purification of the lead nitrate from 
which the bromide was prepared, and the lead was 
examined spectroscopically. The silver and copper lines 
were very difficult to eliminate, but the material ultimately 
used was quite free from these or any other impurities. 
Two series of determinations were again made, one of 
nineteen and one of eleven experiments ; the variations 
were between 207*14 and 207*23, giving a mean again of 
207*19 

While these investigations were in progress, the exact value 
of the atomic weight of lead became of considerable im- 
portance in connection with the theory of atomic disin- 
tegration of "the radio-active elements. According to the 
hypothesis of Fajans (Ber. t 19x3, xlvl., 422) and Soddy 
(Chemical News, 19x3, evil., 97) at least two lead 
“ isotopes * exist, one resulting from the expulsion of five 
a-particles from radium with an atomic weight 206, the 
other resulting from the expulsion of eight a-particles from 
thorium with an atomic weight of about 208*3. If ordinary 
lead is composed of, or contains, these isotopes, in pro- 
portions varying with its origin, then its atomic weight 
might be expected to vary according to its source. 
Richards and Lembert ( Joum . Am . Ckem . Soc. t 19x4, 
xxxvi. , 1329) found that, in accordance with this hypothesis, 
radio-active lead extracted from radio-active minerals 
possesses an atomic weight different from that of ordinary 
lead, and differing also according to the mineral from 
which it is extracted, a result confirmed by Hfinigschmid 
( Comptes Rendus , 2914, clviii., 2786; Zeit. Eleet. t xx., 
3x9), M. Curie (Comptes Rendus , 29x4, clviii., 2676), and 
Soddy (Proc. Ckem. Soc. t 2914, xxx., 234). In order to 
find out whether ordinary lead is subject to similar varia 


* Abstracted from the Journal 0/ the American Chemical Society 
xxvii., No. 5 » May, 1915* 
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was 210,000 tons in 1890, 500,000 tons in 1900, and 
1,330,000 tons in 1912. Germany’s production of 
ammonium sulphate in 1912 was about 370,000 tons. 


Chili saltpetre (a) . . . . 

Sulphate of ammonia . . 
Superphosphate . . . . 

Basic slag 

Crude potash salts. . . . 

Lime 

Other manures . . . . 

Total value . . . , 

(a) The total import of Chili 

xgt2 was 800,000 tons, c 
was used for manufacture 
nitric acid. 


1888. 

X 9 X 3 . 

Tons, 

Tons. 

225,000 

650,000 

50,000 

500,000 

250,000 

x, 800, 000 

250,000 

2,200,000 

160,000 

3,000,000 

500,000 ■ 

( 800,000 
( 500,000 


« • . . £30,000,000 

saltpetre into Germany in 
if which only 150,000 tons 
of potassium nitrate and 


The principal use of sulphate of ammonia is as a nitro- 
genous manure, as which it competes with Chili saltpetre : 
they may be taken as of equal money value per unit of 
nitrogen. In this connection Germany’s manure bill is 
interesting (see table above). 

It is the ambition of the Germans, firstly, to make them- 
selves independent of the industrial products of other 
countries, and, secondly, to produce in excess of their own 
needs and to impose this surplus on the rest of the world. 
Thus, they pride themselves on displacing more and more 
of the foreign Chili saltpetre by home-made sulphate of 
ammonia, and in 19x1 they used in agriculture 75,000 
tons of ammoniacal nitrogen against 70,400 tons of 
foreign saltpetre-nitrogen. This partial success they look 
forward to making complete and decisive by developing 
new methods of producing ammoniacal nitrogen and 
nitrates, which oan be carried out in Germany. Of such 
methods there are already two in operation, and they are 
associated with that great problem which confronts man- 
kind as a whole. How to supply the combined nitrogen 
which will be necessary to build up the food-stuffs for the 
teeming millions of the future after the deposits of Chili 
saltpetre are exhausted ? This is the same problem as 
that of fixing the nitrogen of the air, which long ago, 
before anything was known of nitrogen at all, man had 
solved empirically by growing leguminous plants in the 
rotation of his crops, thereby increasing the fertility of 
the soil, although the mechanism of this time-honoured pro- 
cedure was only experimentally demonstrated in the last 
decades of the nineteenth century by the German investi- 
gators, Willfahrt, Hellriegel, and Nobbe. 

Fixation of Atmospheric Nitrogen by Inorganic 
Means. —This has been successfully accomplished by : — 

(x). The Birkeland and Eyde electric furnace and the 
Schdnherr electric furnace of the Badische Anilin und 
Soda Fabrik. These are simply realisations on the indus- 
trial scale of laboratory experiments made by Cavendish 
X30 years previously. This method is applicable only in 
Norway, or other countries where abundance of water 
power renders the production of cheap electrical energy 
possible. It is being carried on by an international com- 
pany at Notodden, in Norway. They propose to nse 
300 000 horse-power, capable of yielding 150,000 tons 
Time-saltpetre (X5 — 20 per centN), or about one-twelfth of 
the total amount of Chili saltpetre used by the world, 
Germany possesses but little water power, so that this 
process is of only indirect interest in connection with 
German chemical industry. 

(2). Fixation of nitrogen by calcium carbide at high 
temperature*. This discovery was made by the German 
chemists Frank and Caro. £5,000,000 capital is already em- 
barked in this industry by various companies of Europe 
and America. About 120,000 tons is produced annually, 
about one-quarter of which in Germany. The crude 
calcium cyanamide (about 20 per cent N) may be used 


directly as a nitrogenous manure, or may be made to yield 
ammonia. The production of calcium carbide Involves 
the use of the electric furnace, and hence cannot be carried 
on economically on a very large scale in Germany owing 
to the limited water power available. 

(3). Combination of nitrogen and hydrogen at higher 
temperature, and especially under high pressure. The 
long known fact that the reaction, Na+3Ha»2NH3, is 
realised to a very small extent at high temperatures has 
been investigated in recent years by Haber and Le 
Rossignol at Karlsruhe, and, guided by the principles of 
modern physical chemistry, Haber ha* elaborated, after 
overcoming extraordinary technical difficulties, an indus- 
trial process which promises to be of great importance in 
the future. The most advantageous conditions were found 
to be : — Pressure, 200 atmospheres ; temperature, 500° C. ; 
catalytic agent, osmium, uranium, &c. 

Production of ammonia by the Haber process has been 
carried out on a commercial scale by the Badische Anilin 
Company since the summer of 1913, and a plant capable 
of yielding 130,000 tons of sulphate of ammonia per annum 
was to have been ready during the present year. Inasmuch 
as the German Colour Syndicates have severed their con- 
nection with the Norwegian nitre undertaking, it would 
appear that they regard the Haber ammonia process as 
being more likely to be capable of capturing the inorganic 
nitrogen market of the world. 

This synthetic production of ammonia obviously in- 
volves cheap hydrogen. I have already referred to 
electrolytic hydrogen, but there are cheaper sources. Thus 
water-gas contains theoretically equal volumes of 
hydrogen and carbon monoxide; the carbon monoxide 
(b. p. - 19a 0 C.) can he removed by liquefaction from the 
hydrogen (b, p. - 253 0 C.). Similarly the nitrogen required 
for the process is obtainable from the fractional distillation of 
liquid air. The synthesis of ammonia thus dovetails with 
the possibilities of cheap low temperature production, for 
which the world is so largely indebted to the German 
engineer, Carl von Linde, of Munich, 
j The German ambition to make their combined nitrogen 
! at home does not stop at the production of synthetic 
| ammonia, for there are still large requirements in respect 
, of nitrates (Germany produces upwards of £1,500,000 of 
! nitric acid annually from Chili saltpetre), which have to be 
satisfied from foreign sources. They hope, however, to 
fill this gap in the home production of combined nitrogen 
by utilising a reaction discovered by Kuhlman as long ago 
as X839 (Ann. Chet*, und Pharm 1839, xxix., 280), in 
which ammonia and air bum to nitric acid in the presence 
of platinum as a catalytic agent. 

Potash Salts. — Germany appears to be alone in 
possessing vast deposits of potash salts, whilst the 
enormous value of these to agriculture was first demon- 
strated by Liebig and made public by him in his H Applica- 
tion of Chemistry to Agriculture and Physiology ” in 1840. 
This work may without question be regarded as the 
foundation-stone on which agricultural chemistry has been 
raised. The celebrated deposits of potash Balts were acci- 
dentally discovered in X857, when boring for rock salt at 
Stassfurth, near Magdeburg, in Prussia. Their industrial 
exploitation on an ever increasing scale was began in 
r86i by Griineberg and Adolf Frank. In 1861 the pro- 
duction of crude potash salts was 2000 tons; in 19x2, 
xx,ooo,ooo tons, worth £8,800,000. Ninety per cent is 
used as manure (about one-third in Germany itself), and 
10 per cent in industries (about two-thirds being worked 
up in Germany for carbonate, caustic, nitrate, alum, 
chromate, and chlorate, &c.). America is now experi- 
menting with a view to obtaining potassium chloride from 
felspar by the method used in the laboratory for deter- 
mining alkalis in insoluble silicates, and which consists in 
heating the silicate with a mixture of lime and calcium 
chloride. Whether it has any commercial future remains 
to be seen. 

This is a matter of prime importance in the United 
States, as potash salts are there used on an enormous 
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Fertiliser Value of Citric-soluble Phosphoric Add, &c. 


adapted to the general farm crops, including wheat, corn, 
oats, barley, rye, flax, and grass. 

11 The Hagerstown loam is a brown or yellow loam 
averaging about twelve inches in depth. The suhsoil is a 
yellow or reddish clay loam to a depth of twenty-four 
inches, but frequently grades into a stiff yellowish-red 
clay. The type occupies rolling valley land, and is derived 
from the weathering of pure limestone. This is typical 
corn soil. It is one of the best general farming types in 
the Eastern States, and is used for corn, tobacco, wheat, 
grass, and apples. 

“The soil of the Volusia silt loam, to an average depth 
of eight inches, is a grey to brown silt loam. The subsoil 
to a depth of two feet is a light yellow silt loam, at which 
point mottlings of grey or arab are encountered. Both 
soil and subsoil contain a high percentage of flat frag- 
ments of shale and sandstone, ranging from one or two 
inches to a foot or more wide. In addition, a consider- 
able quantity of finely divided shale fragments is found in 
bothsoil and subsoil. The subsoil usually rests at varying 
depths below eighteen inches on beds of shale or sandstone 
rock. The type is derived from the weathered products 
of the shale and sandstone, re-worked by glaciation, and 
slightly modified by extraneous glacial material. It occu- 
pies rolling and hilly land, and is frequently interrupted or 
bordered by steep slopes not suited to agricultural pur- 
poses. The Volusia silt loam where properly cultivated is 
a good soil for timothy and small grains. In the eastern 
part of the region where it occurs it lies at too high an 
elevation to be well adapted to corn. In this region 
buckwheat and potatoes are grown to advantage.” 

Each of the above soils was treated with applications 
of the slag fertiliser, and wheat seedlings were planted. 
The plants were grown for a period of three weeks, and 
then weighed and compared with those grown under 
similar conditions in untreated sail and in soil treated 
with other forms of potash and phosphatic fertilisers. 
Since the Volusia silt loam responds readily to treatment 
with lime, two sets of experiments were run with this soil. 
In the first no lime was used except that furnished by this 
slag fertiliser, but in the second Bet of tests the soil was 
limed at the rate of two tons to the acre. This was done 
in order to make sure that any beneficial effect observed 
from the slag treatment was not entirely due to the basic 
character of this material. 

In Tables VI., VIL, VIII., and IX. the results of these 
experiments are given* The weight of the untreated 
plants, or checks, is taken at 100, and the weights of the 
plants grown under similar conditions, but in soils treated 
with various potash and phosphatic fertilisers, are com- 
pared with this figure. 


Table VI .—Relative Green Weights of Wheat Plants 
grown for a period of three weeks in Carrington Silt 
Loam untreated and treated with various quantities of 
Potassie and Phosphatic Fertilisers . 


Application 


Treatment. 

Kid. 

PaOtf. 

green 

Average. 


Pounds. 

Pounds. 

weights, 

Check 

— 

— 

ZOO 

ZOO 

Slag (33 SB) .« .. 

5 ° 

60 

101 

I 

Do 

zoo 

X20 

X04 

h 104 

Do 

200 

240 

107 

! 

Potassium sulphate .. 

50 

— 

100 ’ 

I 

r xo6 

Do. . • * . « 

zoo 

— - 

*13 

Do 

200 

— ■ 

zo6 

l 

Acid phosphate . . . . 

— 

60 

xoz 


Do 

— 

120 

107 

■ X07 

Do 

— 

240 

1*4 


Potassium sulphate and 
acid phosphate 

50 

60 

XIO 

1 

Do 

zoo 

120 

zxo 

\ 109 

Do 

200 

24O 

108 

1 


Table VII .— Relative Green Weights of Wheat Plants 
grown for a period af three weeks in Hagerstown Loam 
untreated and treated with various quantities of 
Potassie and Phosphatic Fertilisers . 

Application 
per acre. Relative 

Treatment. K3O. P aOg. green Average. 

Pounds. Pounds, weights 


Check . .* . 
Slag (33 SB) 
Do. 

Do. 


— 

— 

ZOO 

zoo 

50 

60 

xoz ] 


ZOO 

120 

Z07 

. 105 

200 

24O 

106 J 



Potassium sulphate . . 50 

Do 100 

Do 200 


122 

129 

130 


127 


Acid^phospbate . . . . 

Do! !! !! !! 


60 xoz 

Z 20 Z 02 ■ XOZ 

240 XOZ 


Potassium sulphate and 


acid phosphate 

50 

60 

Do. . , . . . . 

100 

X20 

Do 

200 

24O 


Zl6 [ I 2 Z 

136 J 


Table VIII . — Relative Green Weights of Wheat Plants 
grown for a period of three weeks in Volusia Silt 
Loam untreated and treated with various quantities 0 
Potassie and Phosphatic Fertilisers, 


Check 

— 

— 

ZOO 

zoo 

Slag (33 SB) 

50 

60 

”3 

! 

Do 

zoo 

Z 20 

XX 4 

f- ZZ 2 

Do 

200 

24O 

109 

1 

Potassium sulphate ,. 

50 

— 

X 24 | 

1 

Do 

ZOO 

— 

1*7 

\ xx6 

Do 

200 

— 

Z07 ] 

1 

Acid phoBphate . . . . 

Do 

Z 

60 

120 

109 ] 
XI 3 ; 

• 117 

Do 

— 

24O 

128 1 

Potassium sulphate and 





acid phosphate 

50 

60 

xx6 1 


Do. 

zoo 

X20 

119 

X15 

Do 

200 

24O 

109 J 



Table IX .— Relative Green Weights of Wheat Plants 
grown for a period of three weeks in limed Volusia Silt 
Loam untreated and treated with various quantities of 
Potassie and Phosphatic Fertilisers . 


Check 

— 

— 

ZOO 

zoo 

Slag (33 SB) .. .. 

50 

60 

XO4 

1 

Do 

zoo 

120 

ZIO 

k zz6 

Do 

200 

240 

*35 J 

i 

Potassium sulphate • . 

50 

— 

99 

1 

Do 

ZOO 

— 

X42 

ZI 4 

Do 

200 

— 

zoo 

> 

Acid phosphate . . . . 

Do 

— 

60 

120 

X29 1 
X24 

■ 123 

Do 

— 

24O 

1x6 4 

Potassium sulphate and 





acid phosphate . . 

50 

60 

ZIO 1 

1 

Do 

ZOO 

X20 

xx8 

) no 

Do 

200 

240 

103 , 

1 


Tables VI., VII., VIII., and IX. show that in every 
case applications of the slag fertiliser to the soils had a 
stimulating and beneficial effect. 

The increase in growth caused by the citric soluble 
potash and phosphoric acid in the slag was, as a rule, less 
than that caused by the application of the equivalent 
quantities of these two fertiliser elements in a water- 
soluble form, but this is to be expected in the case of 
experiments carried on for such a short period of time. 
The tests, of course, are not conclusive, but they indicate 
that good results may be expected from the use of such a 
fertiliser. 
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Coal-tar Dye Industry . 


Summary. 

A method of obtaining both potash and phosphoric acid 
in citric soluble form has been devised. It consists of 
mixing together phosphate rock and felspar, with the 
addition of small quantities of the oxides of iron and 
manganese to promote fluidity or lower the melting-point 
of the slag, the mass being then heated to about 1400° C. 
for about twenty minutes. The resulting product is not 
only soluble in a 2 per cent citric acid solution, but is also 
fairly soluble in water saturated with carbon dioxide. Pot 
tests with typical soils showed that the mineral increased 
the growth of wheat plants, but the beneficial effect de- 
rived from such applications was not ou the whole as 
marked as it was when more soluble forms of phosphate 
and potash were used. The indications are, however, 
that the slag product has a distinct high fertiliser value. 


THE COAL-TAR DYE INDUSTRY.* 

Tax Special Committee appointed by the New York 
chemists to investigate and report upon conditions and 
needs involved in the enlargement of the coal-tar dye 
industry in the United States reported at the regular stated 
meeting of the New York Section of the American 
Chemical Society on November 6th. The meeting had 
been widely advertised and was unusually well attended. 

This Committee was composed of the following mem- 
bers J. B. F. Herreshoff, representing the manufacturers 
of heavy chemicals ; I. F. Stone, representing the American 
coal-tar dye producers; J. Merritt Matthews, representing 
the textile interests; H. A. Metz, representing the im- 
porters; David W. Jayne, representing the producers of 
crude coal-tar products ; Allen Rogers, Chairman of the 
New York Section ; and Bernhard C. Hesse, chemical 
expert in coal-tar dyes, Chairman. 

The findings of this Committee were considered in 
detail and after discussion the report was unanimously 
adopted by the Section and ordered to be printed in the 
Journal of Industrial and Engineering Chemistry . 

In view of the importance of these recommendations, 
and the highly representative character of the Committee, 
their conclusions will doubtless be of the greatest value not 
only to the chemical profession, but also to the layman 
interested in our industrial possibilities. 

The following is the official text of the report : — 

To the New York Section, American Chemical 
Society. 

1. At the meeting on October 9, 19x4, the Chairman of 
this Section was authorised to appoint a Committee to in- 
vestigate into the feasibility of expanding the chemical and 
dye-stuff industry in the United States and to report to the 
Section on November 6 f 1914. 

2. The undersigned Committee was appointed Octo- 
ber 15th, and at once proceeded. It addressed letters of 
invitation to co-operate to those who have been most 
active in the public prints in urging the expansion of the 
chemical and particularly the dye-stuff industry in the 
United States; farther, an invitation was extended 
to the maker of the motion which resulted in the 
appointment of this Committee. The assistance from 
these is nil. 

3. A request was addressed to trade publications in the 
City of New York and to some of the metropolitan dailies ; 
in all, nine such publications were requested to publish a 
suggested notice for the purpose of inviting co-operation ; 
the object of this Committee was set forth, and request 
was made that suggestions be mailed to the Chairman of 
this Committee. All but one of these publications have 
complied with that request. No help has been obtained 

* Recommendations of the New York Section of the American 
Chemical Society on the Enlargement of the Coal Tar Chemical 
Industry in the United States, From the Journal of Industrial and 
Engineering Chemistry, vi. f No. 2a. 


by this Committee from any suggestions mailed to it as a 
result of this publicity. 

4. Your Committee has carefully considered a .1 the 
public suggestions as to methods of improvement and has 
searched through the governmental regulations of the 
belligerent nations as to embargo and as to contraband 
of war in order to construct therefrom a list of chemicals, 
inclusive of dyestuffs, which have thereby been shut off 
from the United States, in the hope of thus being 
placed in a position to make specific recommendations 
o lvalue. 

5. It can be fairly stated that, In general, the chemical 
industry of this country is efficiently exploited and is 
making full use of all the opportunities presented to it 
under the normal conditions existing prior to the state of 
hostilities. Some of the chemicals which are imported 
from abroad are made in considerable amounts in this 
country as well, and the amounts imported under normal 
conditions depend upon the ordinary normal fluctuations 
of business conditions both here and abroad. With the 
stoppage of this foreign supply the domestic production 
was not at once capable of making up the deficiency, but 
in a number of instances the American manufacturers have 
taken steps to increase their capacity, and the strain in the 
market of those particular things will exist no longer than 
it will require to expand the manufacturing facilities to the 
proper extent. 

Among these are:— Ammonia salts, barium chloride, 
barium nitrate, bleaching powder, sodium cyanide, yellow 
prussiate, sodium nitrate, sodium hydrosulphite, zinc 
dust. 

6. If, however, it be desired, and if public necessity 
requires the introduction of the manufacture of explosives 
and further chemicals and dye-stuffs into our home in- 
dustry, such as coal-tar product explosives, pharma- 
ceuticals, medicinatB and other intermediates, and finished 
coal-tar dyes, then alterations of our tariff law are inevit- 
able, and the consumers in the first place and the public 
in general must share in the burden thus imposed. If 
conditions of national defence in case of attack by a foreign 
power require us to manufacture our own explosives and 
to be, in that regard, independent of all foreign nations at 
all times, or if our textile industries or any other of our 
industries requiring coal-tar chemicals Buch as dye-stuffs 
shall for ever be protected and made independent of foreign 
nations for the supply of those materials, then the nation 
as a whole must bear the burden incident to such expan- 
sion. Under existing circumstances private enterprise and 
private capital have gone their limit. They have reached 
the limit for two reasons ■ 

I. The explosive, dye, and similar industries abroad, just 
referred to, are in a state of high development and of 
refined organisation and are financially the best suited to 
carry on an offensive campaign against any nation 
attempting to take business away from them. 

II. Domestic manufacturers are prohibited by law from 
making use of co-operative commercial devices such as 
pools, trusts, manufacturing and selling agreements and 
the like, whereas such devices are wholly lawful abroad 
and are encouraged by the respective governments. In 
other words, the American chemical industry is expected 
to cope with the foreign industry while both its own arms 
are tied behind its back and its opponents have full and 
free use of their arms. 

Antidumping Clause . 

7. The remedies required would include an effective 
anti-dumping clause that would certainlv prevent under- 
selling of domestic manufacturers in the United States by 
unfair methods. What the form of such clause should be 
is a problem with which your Committee is unable to cope ; 
it is strictly a law-making and law-enforcing problem and 
is allied to the usual problem of determining under-valua- 
tion as heretofore carried on by our Treasury Department ; 
it is, however, a much more refined problem than the 
older problem of proving under-valuation. Nevertheless, 
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your Committee believes that with such a mechanism in 
our law, much would he done toward encouraging our 
chemical industries. 

To Create a Coal-tar Chemical Industry . 

8. According to the best information that your Com- 
mittee can gather, such an anti-dumping clause alone 
would not he sufficient, however, to create complete and 
independent domestic coal-tar explosives, dye-stuffs, and 
medicinals industries. It has been conclusively demon- 
strated during the past thirty years that the present tariff 
rate of 30 per cent on dye-stuffs is not sufficient to induce 
the domestic dye-stuff industry to expand at a rate com- 
parable with the consumption of dye-stuffs in this 
country, and that therefore all dye-stuffs made from 
coal-tar, whether they be aniline dyes or alizarin, or alizarin 
dyes, or anthracene dyes or indigo, so long as they are 
made in whole or in part from products of or obtainable 
from coal-tar, should all be assessed alike, namely, 30 per 
cent ad valorem plus 7} cents per pound specific, and that 
all manufactured products of or obtainable from coal-tar, 
themselves not dyes or colours and not medicinal, should 
be taxed 1$ per cent ad valorem and 3} cents per pound 
specific. 

Tariff to Aid Dye Industry . 

g. The best information and judgment your Committee 
can obtain is that the above manufactured products of 
coal tar, not dyes and not colours and not medicinal, 
should carry one-half the duty of the finished coal-tar dye, 
and that the above rate of 30 per cent ad valorem and 
7j cents specific would probablv be sufficient to encourage 
and enable domestic manufacturers to expand their opera 
tions to such an extent as to supply a very material 
increase in, if not the whole, of these commodities con- 
sumed in this country. The reason for a specific duty is 
to protect the domestic manufacturer in the manufacture 
of the relatively cheap dyes such as the cheap scarlets, 
the cheap yellows and the like, whose prices abroad are in 
the neighbourhood of from 12 to 20 cents per pound ; 
with dyes of that type 30 per cent ad valorem would not 
offer so serious an obstacle to importation and underselling 
thereof as does the 7J cents per pound specific ; on the 
other hand, on dyes whose prices are 1.00 dols. and up- 
wards per pound the function of the 7J cents specific more 
nearly approaches zero ; that is, with the cheap dyes the 
chief function lies in the specific portion of the duty and 
with the expensive dyes the chief function lies with the ad 
valorem portion of the duty. 

This is Baid to be the price the nation will have to pay 
to have a complete self-contained and independent coal-tar 
chemical industry. However, it must be remembered that 
if such an industry be created and importation of coal-tar 
products inclusive of intermediates and dyes is restricted, 
its ultimate effect upon the Federal revenues will have to 
be considered. It will therefore he necessary to deter- 
mine carefully if the advantages to he gained are e<iual to 
the price to he paid . 

Patent Laws . 

xo. This Committee is a unit in the belief that an altera- 
tion of our patent laws aiming at compulsory working or 
compulsory licensing would not be of any substantial 
benefit to this industry or to the country as a whole. 
Twenty - nine countries have attempted compulsory 
licensing clauses and fifty-six countries have attempted 
compulsory working clauses, and the best information 
your Committee can obtain is that in none of these 
attempts has there been any appreciable measure of 
success. While it may be true that under extraordinary 
conditions, such as now exist, compulsory licensing might 
have some advantage, yet it is equally true that in normal 
times the disadvantage due to compulsory licensing or 
compulsory working would more than overbalance any 
advantage at all likely to be obtained under stress of un- 
usual conditions. . . . 

xi. In none of the countries where there have been 


working or licensing clauses or both, co-exteneive with the 
existence of the coal-tar chemical industry, has there been 
established any real coal-tar chemical industry, and your 
Committee does not feel that an alteration in our present 
patent laws could be made which would be effective 
against foreigners and at the same time not be onerous 
and a hardship to domestic inventors. Your Committee 
believes that in the long run and in the final outcome, our 
present system with regard to working and licensing is as 
efficient as that of any other country. In the dye-stuff 
industry, in particular, there are so many non-patented 
commercial products and so many commercial products 
once patented, now free from patent restraint, that their 
production alone would form a basis for a very consider- 
able industry, and your Committee feels that the way to 
encourage that industry, if the establishment of that 
industry in this country be a national necessity, is tbrongh 
a change in the tariff and the additional anti-dumping 
feature in the administration of the tariff and not through 
any change in the patent laws. Once established , such an 
industry could develop and ultimately cope with any foreign 
combination upon fair and equal terms . Over go per cent 
of the tonnage and of the individual dyes nsed in the 
United States will be free from any patent-restraint 
within the next four years— over 75 per cent of the dyes 
are now in that condition. 

Availability of Raw Materials . 

X2. The best information your Committee has so far 
been able to gather is that this country can produce so- 
called coal-tar raw material in amounts sufficient for the 
needs of a complete domestic coal-tar chemical industry 
inclusive of explosives and dyes, provided there is a cer- 
tainty of outlet as to volume and continuity. Those 
engaged in manufacture here do not want to expand unless 
the dye-users are willing to make corresponding contracts. 
In other words, it is a closed circle. If the dye-users wil 
contract sufficiently with the dye-makers, the dye-makers 
will contract with the coal-tar distillers and the industry 
will take a start. The initiative rests wholly with the 
users ; if they cannot afford to contract, the dj e-maker and 
the distillers cannot afford to make their contracts and 
additional investments. 

Coal-tar Products, 

13. Benzol , Toluol , and the like are produced in suffi- 
cient amount in present installations of by-product coke- 
ovens to provide all of these things that would be needed 
for a coal-tar chemical industry of a magnitude sufficient 
to supply the United States market; the separation of 
these materials from the gas that carries them is dependent 
upon the market and the demand therefor. There is no 
inherent defect in our coke-industry with regard to the 
actual making of these things ; the only question involved 
is whether it be more profitable to burn the benzol, toluol, 
and the like contained in the gas as a fuel than to separate 
them from the gas and from each other for purposes of 
sale. Ample supply can be provided before any plant 
that could use benzol and the like for dye stuff msking 
could be erected in the United States, ana thereafter the 
supply of these materials can readily be kept up to any 
requirement, 

14. The materials of the preceding paragraph are the 
ones used in the coal-tar explosives industry as well as in 
the coal-tar medicinals and dye-stuffs industries. Bach of 
these three industries co-operates with the others to make 
full use of those materials ; alone, none can fully make 
use thereof nor succeed ; the correct and proper utilisation 
of these materials requires successful co-existence of all 
three industries in one and the same country. 

15. Naphthalene and Anthracene are contained in the 
tars produced in the United States in an amount sufficient 
for the needs of a domestic dye-stnff industry and it is 
merely a question wbether it is more profitable to leave 
them in the creosote oil, where they now occur, or to 
separate them out of such oil and refine them for purposse 
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of dye manufacture. Ample supply of either of them 
could be produced and provided at the same time or 
shortly after any plant could be erected in the United 
States fox the use of these things in the production of 
dyes. 

16. What has been said with regard to the supplies of 
naphthalene is also true of the supplies of cresol , 

27. All the Creosot e Oil contained in the total amount 
of coke-oven tar now made is separated from it and used. 
Increased production of creosote oil requires a greater 
production of tar, and a greater production of tar is 
dependent upon increased installation of recovery coke 
ovens. 

x8. Phenol or Carbolic Acid supply is primarily de- 
pendent upon our deliberately selected method of coal 
treatment ; to change that treatment so as to get more 
phenol would entail abandonment of other advantages 
which would not be compensated for by the increased 
amount of phenol so produced. Under present circum- 
stances freights and haulages play an important part. At 
Isolated plants, separated by considerable distances from 
each other, small amounts of phenol are produced, and the 
Separation of the phenol at such individual places would 
be economically unprofitable, and in order to concentrate 
this amount of phenol to or at a point where separation 
could be conducted profitably would entail freight haulages 
much in excess of the value of the phenol that would thus 
be transported. 

19. The only source of phenol in sight is that produced 
synthetically from benzol by means of snlphonation and 
subsequent melting with caustic soda. This depends, in 
turn, upon our benzol supply and would be profitable only 
so long as the United States market is not killed by the 
dumping of foreign phenol thereon, whether such phenol 
be synthetic or distilled. 

20. Salicylic production depends upon availability of 
phenol and the production of Benscic Acid depends upon 
the availability of toluol which has heretofore been dis- 
cussed. 

2X. Phthalic Acid made from naphthalene by means of 
bichromate cannot successfully compete with that made 
by the merepry and sulphuric acid process which is pro- 
tected by patents having about three years more to run. 

Miscellaneous Chemicals and Rato Materials , 

22. Acetic Anhydride can be made without trouble in 
this country, and will be made in this country so soon as 
the domestic demand is large enough and steady enough 
to warrant the installation of a suitable plant. 

23. Nitric Add, All countries with the exception of 
possibly Norway and the countries importing from 
Norway, are dependent upon Chili for the raw material 
for making nitric acid. It will not be profitable to make 
nitric acid from air in the United States until the value of 
the electric horse-power reaches a level of 3 or 4 dols. a 
year, as it is in Norway. 

24. Ammonia and its salts all depend upon recovery 
coke-ovens, and such recovery plants are increasing as 
fast as circumstances will permit. 

25. Barium Chloride and other compounds of barium 
may he made from domestic barytes. A number of 
attempts have hitherto been made, but with indifferent 
success. Factories established within the last year 
promise to be successful* 

26. Magnesium Chloride of a sufficient purity to be used 
in the production of fluorine is almost generally made from 
magnesite found in Greece, which is the only deposit 
known having sufficiently high purity ; there are reports 
of suitable deposits in California and in lower California, 
so that, with the completion of the Panama Canal, the 
question of freights, which seems hitherto to have stood 
in the way of developing these deposits, maybe eliminated. 
Other sources, less remote from centres of consumption, 
and using other materials, e.g., brine waste, are about to 
be successfully operated. 

27. Manganese In the form of pyxolusite is not known to 


occur in paying deposits in the United States ; these are 
practically all in the Caucasus. 

28. Potash,’— In view of the great exertions that have 
been made for a number of years, both on the part of the 
federal government through a number of its departments 
and a great many different groups of capitalists, there is 
nothing to be said in this report that would be of any value 
with regard to increased production of potash either as 
fertiliser or as a chemical. 

29. Yellow Prussiate and Sodium Cyanide can he and 
have been made from domestic materials in such an 
amount as to provide practically the entire consumption, 
or a great portion thereof, in this country so long as there 
waB a sufficient duty on them; the present duty is not 
enough to protect the American manufacturer, and those 
who were engaged therein have in large measure withdrawn 
from the business, but some are reported to be taking up 
manufacture cautiously and in limited amounts, 

30. Hydrosulphites in solution can be made from 
domestic materials without interference with any patent 
rights ; the production of solid salts and derivatives are, 
however, still protected by patents that have a few 
years more to run. 

32. Sodium Nitrite is produced more cheaply as a by- 
product in Norway than it can be produced anywhere in 
the world ; unless the price of the electric horse-power in 
this country sinks to a 3 or 4 dols. level per year, as in 
Norway, this product cannot be manufactured in the 
United States. 

32. Oxalic Acid is and has been made to some extent 
in this country and the information coming to your Com- 
mittee is that suitable efforts are being made to expand the 
capacity of existing plants. 

33. Tartaric Add and Citric Acid . — To make this 
country independent of others, with respect to tartaric acid 
and citric acid would call for radical changes on the part 
of our grape growers and our lemon growers as to the 
policy of their business. 

It is probably true that edible grapes do not produce 
argots (the crude material for tartaric acid) very largely, 
and that our domestic lemons do not produce as large 
yields of juice (the crude material for citric acid) nor as 
high an acidity as do the Italian lemons; therefore an 
independent supply of the raw materials produced in the 
United States for tartaric and citric adds is, in the first 
instance, an agricultural problem, and in the second 
instance a market problem. 

General Remarks, 

34. Finally, it should be pointed out that the United 
States is by no means the only country whose chemical 
and allied business has been strained or upset by the 
European war. Each and every other country has felt 
the strain. British committees have gone into this same 
subject of expanding British chemical industries, and, not 
only that, but also into the question of making their very 
basic necessities, and the reports have so far been adverse 
to any immediate relief by domestic manufacture. The 
Boston Chamber of Commerce, through its Committees, 
has arrived at the same conclusions for this country, 

35. It is further clear that the stability of a complete 
domestic chemical industry, in so far as it depends upon 
foreign supplies, is bound up to a successful merchant 
marine and to an efficient foreign banking condition just 
as is all our foreign business. 

Findings, 

36. Your Committee finds as follows, as to the facts 

I. Prior to the hostilities, domestic chemical industry 

was utilising and exploiting every reasonable opportunity 
to its full extent. rr 7 

II. Since the outbreak of hostilities, domestic industry 
has increased its output just as fast as physical means 
could be provided and physical obstacles overcome. 

III. Since the outbreak of hostilities, domestic plants 
that had becetofore been shut down or partly dismantled 
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because of disastrous foreign competition are said to have 
resumed operation with caution. 

IV. That a 30 per cent duty on some coal-tar dyes 
for over thirty years has not produced a real coal-tar dye 
industry in this country. 

Conclusions . 

37. Your Committee submits its conclusions as follows : 

A. To prevent the unfair underselling alleged to be 
practised by foreigners in this country, the adoption of an 
effective anti-dumping clause. 

B. The so-called coal-tar “ intermediates ” which are 
the basis of the coal-tar chemical industry, inclusive of 
explosives, medicinals, and dye-stuffs, should be assessed 
one-half of whatever the finished dyes are taxed for tariff 
purposes; all coal-tar dyes without exception should be 
taxed alike, namely, 30 per cent ad valorem t and 7} cents 
per pound specific. 

C. Changes in the patent laws, such as by compulsory 
licensing or compulsory working clauses, are wholly 
ineffective , do more harm than good, and should not be 
attempted . 

Your Committee recommends that this Report be sub- 
mitted to the appropriate Committees of Congress. 
Further, that this Report be forwarded to interested 
organisations. 

Bernard C. Hesse, Chairman. 

J. B. F. Herreshopf. 

I. F. Stone. 

Merritt Matthews. 

. A. Mete. 

D. W. Jayne. 

Allen Rogers. 

H. — HIHML 

THE WAR EXHIBITION, 1915. 

Interesting Event in Aid of the Belgian 
Rep Cross. 

In view of our incalculable indebtedness to the gallant 
Belgian nation, a War Exhibition has been organised to 
assist the Funds of the Belgian Red Crosa Anglo Belgian 
Committee, whose Patroness is H.M. the Queen of 
the Belgians. 

The War Exhibition, X915, is designed to present in an 
interesting and instructive manner an idea of the extent to 
which science and industry are being utilised in every 
branch of the present gigantic struggle. 

A striking feature is a magnificent 13,700 sq.ft, mural 
panoramic representation of Belgium. This portrays 
amongst other scenes the beauties of Brussels, Antwerp 
and its magnificent port, Bruges \ the Venice of the North) 
with its many bridges, Ghent, Ostend and the coast, 
Lidge, Namur, and the Valley of the Meuse, including the 
ill-fated Dinant, Louvain, Malines, Ypres, and Vtsl, the 
first town to fall temporarily under the iron heel of the 
barbaric Hun. 

As the War Exhibition, 19x5, will be the only important 
exhibition in London throughout the coming summer, it 
should prove a great stimulus to recruiting. 

The exhibition is to be made as comprehensive as 
possible in the space at disposal, and the leading repre 
sentatives of the Allied and Neutral Governments will be 
specially invited to visit and interest themselves in the 
exhibition, so that the event may afford a unique oppor- 
tunity for manufacturers and business houses to bring 
forward their products, and thus help in the solution of 
the problems of equipment, food, hygiene, Ac., each of 
which plays so important a part. 

The Prince’s Skating Club, Knightsbridge, S.W., 
situated in the best part of London, has been selected as 
the most suitable place in which to hold this exhibition. 
A continuous service of motor buses and tube trains pro- 
vides the easiest and quickest of access from all parts of tha 


Metropolis, as it is within a few minutes* walk of Knights- 
bridge Station and Hyde Park Corner, and other stations 
whence connection is made with all London termini. 

Offers of interesting war trophies as loan exhibits, or 
assistance of every kind towards making the exhibition 
the great success it deserves to he on account of its object, 
will be welcomed by the Hon. Organising Secretary, War 
Exhibition, London Chamber of Commerce, 97, Cannon 
Street, London, E.C. 


WELSH NOTES. 

(By Our Special Correspondent ). 

The trade of Swansea Port last week displayed consider- 
able activity, and the figures exceeded last year’s average. 
Among the imports were included 775 tons of steel scrap 
from France, 2400 tons pig-iron from Spain, 5200 tons 
brimstone from Italy, 3x00 tons iron ore from Algeria, and 
4077 tons copper regulus, 44 tons precipitate, and 19 tons 
of copper from Cape of Good Hope. Patent fuel work 
was very brisk in all the Welsh ports, 16,985 tons being 
exported from Swansea and 7303 tons from Port Talbot. 
Tinplates were also plentiful in Swansea — 77,483 boxes 
being shipped, whilst 88,337 boxes were received from the 
works. Stocks in the dock warehouses and vans totalled 
331,335 boxes, compared with 320,481 boxes the corre- 
sponding week of last year. 

Taking the chemical and allied industries throughout 
the Swansea Valley there was a decline in some trades as 
compared with the previous week, which was most marked 
in the tinplate industry. There was an increase in the 
production of pig-iron, much pressure being observed at 
the blast furnaces. All steel-works were very busy, and 
employment was generally good, partly on account of 
Government work. Steel bars found a large demand for 
home consignments, and the aggregate production of 
copper was heavy, hot in some quarters a scarcity of 
labour w&b noticeable. Employment was slack in most of 
the departments of the tinplate industry, and it was only 
fair at the sheet mills, with the exception of Pemardawe, 
where five sheet mills were pnt into operation. Two tin- 
nlate mills were also re-started at the Upper Forest, 
Morris ton, following the settlement of a minor dispute. 
The tinplate trade showed little sign of revival at Port 
Talbot, where it has been at low ebb for some considerable 
time. The spelter trade was very brisk, and Government 
orders accounted for roucb of the work. The safety fuse 
and lead pipe works have also had a busy week, whilst the 
Mannesman Tube Works and the Mond Nickel Works 
compared favoutably with previous weeks. The iron and 
brags foundries did good work, and there was an improve- 
ment in the moulding and smelting furnaces. Sulphuric 
acid factories showed few signs of enlivenment, the demand 
for vitriol being very small, but the chemical manure 
works were very brisk. 

Dowlais Steel Works had a very busy week ; the blast 
furnaces, the Bessemer, and Siemens being particularly 
busy, the supply of molten metal to the converters being 
well maintained. The Goat Mill turned out heavy sted 
rails, steel sleepers, cogging steel, and bars ; the Big Mitt 
being engaged in sole plates, fish plates, fritters, props, 
and tram rails. There were a couple of idle days over the 
holidays at the mills, when some minor repairs were 
seen to. 


Society of Chemical Industry.— The next meeting 
of the Section will be held at the Chemical Society’s 
Rooms, Burlington House, Piccadilly, on Monday, 
June 7, at 8 p.ra. Mr. J. W. Hinchley will move that 
certain alterations be made in Rule 9 of the Section 
By-laws* 
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PROCEEDINGS OF SOCIETIES. 

PHYSICAL SOCIETY. 

Ordinary Meeting, May 14, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

A paper, entitled u Precision Resistance Measurements with 
Simple Apparatus , H was read by Mr. E. H, Rayner. 

The paper describes methods by which the com- 
parison of resistances can be made to an accuracy of x in 
10,000 or higher by using simple apparatus usually avail- 
able in electrical laboratories, or which can be easily con- 
structed with little skilled assistance. 

The comparison of nominally equal resistances of 1 ohm 
and upwards by the usual method of shunting one side of 
a nearly balanced quadrilateral by a high resistance is 
mentioned, and variations on this when only part of one 
resistance is shunted are often useful. The great advan- . 
tages of having resistances capable of carrying compara- 
tively large currents is illustrated, especially for measuring 
changes of resistance of commercial apparatus under 
working conditions. The determination of errors in a 
volt box for use with a potentiometer is described at some 
length* This is of especial importance in precision photo- 
metry. 

If a sufficient continuous-current voltage is not available 
for testing such apparatus as high-potential dividers, it is 
Bhown that using sufficient continuous current to secure 
sensitivity the heating may be supplied by superposed 
alternating current. 

Resistances in common use are very generally of simple 
numerical value, and a Kelvin bridge specially designed 
for the comparison of such resistances is described. It 
consists essentially of two rows of 25 resistances of 20 ohms 
each. 

Discussion. 

Colonel Squier thought the paper was very useful and 
likely to be generally helpful. 

Mr. F. E. Smith thought the paper would prove of 
considerable service to many who were faced with the 
problem of measuring accurately resistances of indis- 
criminate types. He might take exception to the lettering 
of the diagrams. Ever since 1861 all bridges had been 
lettered P, Q, R, and S. The custom was practically 
universal, and it was advantageous to follow it in all cases. 
The author stated that when the current in a bridge is 
reversed the potential of the galvanometer is suddenly 
altered. This was not so in the case of equal ratio arms. 
Again, it was stated under Fig. 1 that A and B, when not 
equal to P and Q, should be in series as regards the supply 
current to obtain maximum sensitiveness. He worked out 
on the board a case in which this did not hold. The 
method of substitution, while of extreme usefulness, was 
not always the best to employ in a given case, and he 
showed an arrangement for use with a resistance with 
potential leads which was simpler and more convenient in 
practice. With regard to the measurement of incom- 
mensurable resistances, he pointed out that in the type of 
bridge used for resistance thermometry we had ready to 
hand all that was necessary for the determination of any 
resistance from a very low to quite a high value with great 
accuracy. Moreover, the bridge could be calibrated with 
ease, which was a considerable advantage. 

Mr. Duddell said that with regard to the building up 
of resistances he had in his laboratory a large number of 
1000 u> coils which were capable of carrying o*x ampere. 
By arranging these units in series and parallel combina- 
tions he could readily obtain any ratio he wished, and the 
building up of a potentiometer with these coils was very 
easy and convenient. An advantage in the use of high 
resistance coils such as xooow for work of this kind was 
the relative unimportance of the connection errors, which 
were very small if the resistances had substantial plug 
contacts. 


Mr. A. Campbell said that he had introduced the 
system of non-inductive winding on channelled frames 
about sixteen years ago, and it had been publicly in use in 
the National Physical Laboratory for many years. It 
appeared to have been patented recently by a foreign firm. 
The lessening of the inductance is obtained by winding a 
left and right-handed coil in the same set of channels and 
connecting them in series, tying the contiguous pairs of 
wires closely together. The capacity is well distributed if 
many channels are used. In a simpler method, which he 
has also used for many years, a single wire is twisted 
into a large number of loops, in each of which the wires 
are very close together, and each channel carries a single 
loop. 

Mr* C. C. Paterson said that it was inevitable when 
working with ordinary resistances on a high voltage that 
a good deal of heat should be dissipated. In potential 
dividers one makes the coils all of the same wire, measures 
the ratios at low currents and relies on these remaining the 
same at high currents. This is not the case, however, the 
ratio altering by an appreciable amount depending on the 
precise position of the portion from which the voltage is 
picked off— #.g.» at the end or the middle of the coils— on 
account of unequal temperature distribution. He instanced 
a case in which errors of two or three parts in xo,ooo were 
introduced from this cause, and said that the method of 
superposing an alternating voltage on a small direct- 
current voltage was very useful for determining the ratios 
under the working conditions of heat dissipation. 

Mr. D. Owen was surprised to observe that the author 
claimed to measure a resistance to x or 2 parts in xo 
million. With coils of platinum-silver a change of tem- 
perature of x° C. would change the resistance by about 
260 parts in a million, yet no temperatures were stated in 
the examples quoted, nor was any reference made in the 
first method to the heating effect of the current in the 
various resistances. He thought that the paper, therefore,' 
gave a wrong impression of the precision which was 

S ossible in such measurements. In the method to which 
ig. 2 applies the author requires four measurements to 
eliminate the resistance of the connecting piece, Could 
thiB not be much simplified by connecting the galvano- 
meter to the middle of L, thereby reducing the measure- 
ments to two ? As regards the 2*6 law connecting R and 
C, he failed to see how it was possible to neglect, as the 
author had done, the heating of the three -in-series three- 
in-parallel group. Each component of that group would 
carry one-third as much current as the single resistance, 
and would, therefore, have one-ninth as much heat dissi- 
pated in it. The neglect of this might account for the 
departure from the square law. 

Dr. C. V. Drysdale, in a communication which was 
read by the Chairman, said he was surprised that the author 
had adopted the method of shunting in place of the more 
convenient slide wire. In 1907 he had combined the 
principles of the Carey Foster and Kelvin bridges in a 
bridge which was simple to construct and susceptible of 
the highest accuracy. When the resistances compared 
are nearly equal their difference is given directly in 
millionths of their value. By means of a self-contained 
ratio bobbin it is possible to step up or down so as to 
obtain most of the uneven ratios which are required. The 
bridge forms an accurate series of standards built up from 
a single unit, and is, moreover, self checking. In Mr. 
Rayner’s bridge contact errors in connecting his ratios do 
not seem to be eliminated, and it is not self checking. He 
was pleased to see that the author realised that contact 
errors can be minimised without great loss of sensitiveness 
by keeping the resistance of the ratio coils moderately 
high* In practice these need never be reduced below xo 
or even too ohms. 

Mr. Rayner, in reply, said that it seemed easier in 
discussing bridges to use such letters aB A B for the resist- 
ances to be compared and other letters well separated from 
them in the alphabet for the secondary resistances. He 
had often been troubled in following the discussion of 
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methods by the difficulty of keeping in mind these 
differences when P, Q, R, $ are used. Any criticisms by 
Mr. Smith concerning arrangement of the resistances in 
the quadrilateral as regards the current supply were wel- 
come. He agreed with Mr. Duddell as to the size of unit 
to be used when a number of resistances are to be used in 
series and parallel. They should not be less than 
xooo ohms, unless errors are very carefully guarded 
against. He agreed with Mr. Owen that a sensitiveness 
to such a figure as, say, z in 10,000,000, does not neces- 
sarily imply similar accuracy of measurement, and the 
proof of the full use of the sensitivity lies in reproducing 
the numerical value on repeating the measurement. All 
the examples given have been reproducible in this sense. 
This does not mean that identically the same shunting 
resistances have been required on repeating a series of 
measurements, as very small temperature changes in a few 
minutes will affect the result ; but it does mean that if, for 
instance, on repeating a given experiment, a different 
shunting resistance is required m the one position, an 
exactly equivalent change is found in the other position, 
showing that the measurement takes full advantage of the 
sensitivity available. The suggestion of connecting the 
galvanometer to the middle ot L in Fig. 2 is impracticable 
by reason ot the resistance of the end contacts. He did 
not think he should call Dr. Drysdale’s methods “ simple 11 
and available with apparatus ordinarily to be found in any 
laboratory or easily constructed with little skilled assist- 
ance* The other points he mentioned must wait till he 
could examine them in detail. 

A paper, entitled 41 Some Novel Laboratory Experiments 
was read by G. F. W. Jordan, A.R.C.S., B.Sc. 

Condensation Calorimeters for the Measurement of Latent 
and Specific Heats . — (a) It is shown bow an ordinary 
vacuum jacket flask can be converted into a suitable con- 
densation calorimeter. Errors arising from loss of heat 
and wetness of the vapour are almost eliminated by making 
two orperiments ; (6) another condensation calorimeter is 
constructed on a different plan with a view to the elimina- 
tion ot the same errors. 

The Thermal Conductivity of a Narrow Metal Bar . — 
Gray’s apparatus for the measurement ot the conductivity 
of a narrow bar haB been modified for the purpose of 
rendering the loss of heat relatively small and reducing the 
time taken in the measurement, thus introducing the 
experiment to the elementary student. 

The Measurement of Poisson's Ratio for a Rectangular 
Lath .— Two mirrors are attached to opposite sides of the 
bent lath for the measurement of the anti-elastic radius of 
curvature, and PoiBson’s ratio is then deduced from the 
observations in the usual manner. 

A Method of Measuring the Coincidence Period of a 
Kater and a Clock Pendulum , —The kater and the clock 
pendulums are electrically connected so that when at the 
centres of their swings a momentary current passes through 
a telephone receiver. 

A Differential Telephone Receiver , — An ordinary receiver 
is connected to the secondary of a simple differentially 
wound transformer, and it is thus converted into a 
differential receiver for the purpose of electrical measure- 
ment. 

Experiment on Interference Fringes .— The fringes pro- 
duced by a Lloyd’ 8 mirror in white light are nearly 
achromatised by a simple grating on smoked glass. Other 
suggestive interference effects with the grating are also 
described. 

Discussion. 

Mr. F. E. Smith asked why in the thermal conductivity 
experiment four rods were used instead of one of four 
times the cross-section ? 

Mr. H* Moors admired the ingenuity of the pendulum 
experiment, but thought that to make an experiment too 
simple and free from corrections made it much less in- 
structive to students. He thought the eye and ear method 
of observing coincidences was one in which students should 
be trained as much as possible. 


Mr. Jordan, in reply to Mr. F. E. Smith, said that the 
UBe ot four thin rods rather than one thick one was 
advisable, as there was a smaller temperature drop between 
the end of the rod and the calorimeter when the former was 
thm than when it was thick* 

A paper 44 On Electrically Maintained Vibrations , w by 
Mr. S. Butterworth, M.Sc., was taken as read in the 
absence of the author. 


CHEMICAL SOCIETY. 

Ordinary Meeting , May 6, 19x5. 

Dr. Alexander Scott, M.A., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the 
Society, through death, of Messrs. Richard Berncastle 
and Robert John Caldwell. 

The President, referring to the Memorial presented by 
the Society to the Govarnment, announced that the united 
deputations of the Royal Society and the Chemical Society 
had been received by the Presidents of the Boards of 
Trade and Education on May 6. 

Certificates were read for the first time in favour of 
Messrs. Pmzen Cheng, B.Sc., 68, Loudoun Road, St. 
John’s Wood, N.W., and Frank Peachey, B.Sc., Wood- 
bridge, Suffolk. 

Messrs. H. E. Watt and C. S. Ellis were elected 
Scrutators, and a ballot for the election ot Fellows was held. 
The following were subsequently declared duly elected: 
— Frank Theodore Alpe ; Alfred Louis Bacharacb, B.A. ; 
Frederick Charles Ball ; John Lloyd Bentley ; Premananda 
Das, M.S. ; Reginald Ernest Essery, B.Sc. ; Htnry 
Jackson Evans, B.Sc. ; Robert Edward Forbester, M.Sc. ; 
HarriHeap, M.Sc. ; Charles Hmde; Nikolai Semenovitsch 
Kurnakov ; Colin Henry Lumsden, B.Sc. ; John Ernest 
Mason, B.Sc. ; Thomas Dagomet Morbon ; Henry Taylor 
Fowkes Rhodes ; David Charles Roberta ; Leonard 
Richmond Wheeler, B.Sc. 

The following papers were read : — 

“ The Rotatory Dispersive Power of Organic Compounds . 
Part VI. Complex Rotatory Dispersion in Etkvl Tartrate," 
By Thomas Martin Lowry and Thomas William 
D lCXSON. Part VII. u Complex Rotatory Dispersion in 
Methyl Tartrate By Thomas Martin Lowry and 
Harold Helling Abram. 

“ The Formation of Chlorinated Bases from Nttro-com - 
ounds on Reduction .** By Winifred Grace Hurst and 
ocelyn Field Thorpe. 


Ordinary Meeting , May oath, 19x5. 

The President referred to the loss sustained by the 
Society, through death, of Mr. John Waiter Smith. 

Messrs. C* H. Lumsden, H. J. Evans, and R.E. Essery 
were formally admitted Fellows of the Chemical Society. 

A certificate was read for the first time in favour of Mr. 
William Alfred Bromwich, 4, Lambeth Palace Road,S.E* 
A certificate has been authorised by tne Council for 
presentation to ballot under By-law I. (3) in favour of 
Frederick Louis Armitage, Albert Road, Devonport, 
Auckland, New Zealand. 

The following papers were read 

“ A New Method of Estimating Bromine and Chlorine 
in Organic Compounds .* By Philip Wilfred Robertson. 

u Studies on the Walden Inversion . Part II. The 
Kinetics and Dissociation Constant of Phenylchloroacetic 
Acid." By George Sentbr* 

• 4 The Constituents of Gloriosa superba.” By Hubert 
William Bentley Clewer, Stanley Joseph Green, 
and Frank Tutin. 
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Dr. HUGO MULLER, F.R.S., Fb.D., D.Sc. 

We regret to have to announce that Dr. Hugo Muller, a 
Past-President of the Chemical Society and until recently 
the Treasurer of the Lawes Agricultural Trust Committee, 
died on May 23 at the age of eighty-one. Dr. Muller was 
an active worker and an able experimenter in organic 
chemistry, and was the author of many articles and papers 
upon the chemical constituents of various plants, such as 
cocositol, quercitol, &c. He was also a keen botanist, and 
had a wide knowledge of horticulture. He investigated 
the action of nitrous acid upon naphthylarame, and of 
nitric acid upon the hydrocarbons of the benzene series, 
and published papers upon the preparation of carbon 
tetrachloride ana of chrysammic acid, the composition of 
carmine and creosote, hydrocyanrosaniline, and phenylo* 
phosphoric acid. He was the author of a book entitled 
“Vegetable Fibre and its Preparation for Industrial Uses.” 
For many years he was a partner in the firm of De la Rue, 
but left the firm in 190a, and since his retirement had 
worked at the Davy-Facaday Laboratory of the Royal 
Institution. Dr. M filler was elected a Fellow of the Royal 
Society in 1866, and served on the Council from 1883-85, 
and again from 1889-91. 


CORRESPONDENCE. 


WATER CLARIFICATION. 

To the Editor of the Chunked Nows, 

Sir, — I should be glad to know from one of your readers 
what to do in the following case : — 

I have bored for water through chalk and found it at 
a depth of 12$ feet, but it contains so much iron that it is 
not fit for drinking, and until the iron has been allowed 
to settle it is not of much use for washing purposes. Is 
there any meanB of precipitating the iron, or better still of 
filtering the water ? I have been put to very great expense, 
but would not mind a little more for the sake of getting 
pure water.— I am, &c., 

C. B. Neate. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— All degrees of temperature are Centigrade unleai otherwise 
expressed. 

Bulletin de la Sociiti Chimique de France . 

Vol. xvii.-xviii., No, 3, 1915. 

Catalytic Hydrogenation of Liquids under the 
Influence of Common Metals at Moderate Tempera- 
tures and Pressures.—* Andrd Brochet, Maurice Bauer, 
and Andrfl Cabaret.— The two first authors have shown 
that in presence of nickel aliphatic compounds with 
ethylenic bonds can very readily be hydrogenated under 
pressures of some kilogrms. per centimetre. Thus free 
cinnamic acid or its compounds are particularly easily 
hydrogenated. The reaction can also be effected under 
atmospheric pressure, and though, generally speaking, it 
is slower, the operation is often very nsefut practically, 
especially as there is no need of special apparatus. The 
reaction is rather capricious, for with some substances it 
proceeds very readily and much more slowly with others, 
for no apparent reason. With essence of mustard no 
hydrogen whatever could be fixed* 


MISCELLANEOUS. 


Research Scholarships In Technology. — It is 
announced that not more than ten Research Scholarships 
in Technology (one of the value of £80, three of the value 
of ^75 , and six of the value of £50, all with fees remitted) 
will be awarded on or about July 5, 1915. These scholar- 
ships are tenable daring the academic year 1915-16 in 
the Manchester School of Technology (Faculty of Tech- 
nology in the University of Manchester). Applications 
must be received on or before June 2X, 19x5. Forms of 
application and ail information may be obtained, by letter 
only, addressed to the Registrar, School of Technology, 
Manchester. Research may be undertaken in any of the 
following departments : — Mechanical Engineering ; Elec- 
trical Engineering ; Sanitary Engineering. Applied 
Chemistry : (a) General Chemical Technology ; (6) 

v hemistry of Textiles (Bleaching, Dyeing, Printing, ana 
Finishing) ; (c) Paper Manufacture ; (d) Metallurgy and 
Assaying ; (*) Chemical Technology of Brewing ; (/) 
Electro Chemistry ; (g) Photography. Textile Industries. 
Regulations . x. The appointments will be made by the 
Governing Body on the recommendation of the Board of 
Studies, based on the consideration of documentary or 
other evidence furnished to the board. 2. The scholar- 
ships are open to graduates of any university in the British 
Empire, and to other persons possessing special qualifica- 
tions for research. 3. The Head of the Department con- 
cerned will be required to furnish quarterly to the Board 
of Studies a short report as to the progress of the research, 
and at the expiration of the tenure of the scholarship the 
holder will be required to make a report to the Board of 
Studies, setting out the course pursued and the results 
obtained, such report to be typed on foolscap paper and 
three copies furnished, unless the Board of Studies deter- 
mines otherwise in any particular case. 4. The research 
scholar will work under the direction of the professor or 
lecturer in the subject concerned, and must pursue his 
research in the School of Technology in accordance with 
a scheme of study approved by the Board of Studies m the 
beginning of the academic year, and he will be expected 
to devote the whole of his time to the prosecution of the 
research upon which he is engaged. 5. The Governing 
Body reserve the right of publishing, in such form as they 
may think fit, the results of researches completed by 
scholarship holders. 6. The scholarships may be renewed 
for a second year on the recommendation of the Board of 
Studies. Extract from the ordinances of the Faculty of 
Technology of the University of Manchester :—** The 
degree of Master of Technical Science (M.Sc.Tech.) may 
be conferred on — (a) Graduates (or persons who have 
passed the final examination for a degree) of approved 
universities who, without having taken previously a lower 
decree of this university, can give sufficient evidence of 
their qualifications, and have conducted research work 
approved by the Faculty during a period of two years in 
the university.” 

MEETINGS FOR THE WEEK. 


Monday, 7th.— -Royal Institution, 3. M Methods of Presenting 
Character in Biography and Fiction,” by W. Ward. 
Royal Institution, 5. General Meeting. 

Society of Chemical Industiy, 8, “ New Process for 
the Refining of Chile Saltpetre,” by T. B. Hobs- 


" Method j»f Testing Mineral Lubricating 
Lubricr’ ^ 


baum. w . | 

0 1s for Use tn Forced Lubricating Systems for 
Steam Turbines,” by A. Philip. “ Application of 
Adobe as a Material for the Construction of Buildings 
for the Manufacture and Storing of Explosives,” by 
Major Ferriz. 

Tuesday, 8th.— Royal Institution, 3 11 The Evolution of Steel - Influ- 
ence on Civilisation,” by Prof. T. O. Arnold, F R.S. 

Thursday, 10th.— Royal Institution, 3. “ Method of Presenting 
Character in Biography and Fiction,” by W. Wart. 

Friday, nth.— Royal Institution, 9. “ Music and Poetry,” by Dr. 
H. W, Davies. 

Saturday, lath.— Royal Institution, 3. “ Mary Queen of Scots,” by 
Prof. R. S. Rait. 

Biochemical Society. (At the Rotbamsted Experi- 
mental Station, Harpendsn, Herts,), 
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THE CHEMICAL INDUSTRIES OF GERMANY.* 
By Prof. PERCY F. FRANKLAND, F.R.S. 

(Continued from p. 368). 

Explosives, I have already mentioned the importance 
of nitrates and of nitric acid, and have referred to the em- 
ployment of the greater part in agriculture ; of the 
remainder the major part goes in the manufacture of ex- 
plosives and in the coal-tar colour industry. 

Black powder, or gunpowder, is said to have been dis- 
covered by the English monk, Roger Bacon (1214 — 1294). 
Gun-cotton was discovered by Schonbein m Basle and 
Christian Bottger in Frankfurt in 1846. 

Nitroglycerin was discovered by Sobrero in Pelouze’s 
laboratory in Paris in 1847, and first manufactured on a 
large scale as an explosive by the Swede, Alfred Nobel, 
in X862. 

The disruptive properties of gun cotton are greatly 
moderated by gelatinising by means of solvents (acetone, 
acetic ester, alcohol, and ether, &c.), and by mixing with 
nitroglycerin ballistic materials like cordite and other 
smokeless powders are obtained. There is another class 
of explosives which combine great safety in handling with 
enormous disruptive effect. Picric acid (discovered by 
Woulfe of London in 1771), but first used by the French 
under the name of melinite for filling shells in 1881, and 
later by the English under the name of lyddite. More 
recently this has been replaced by trinitrotoluene, first 
proposed by Haeussermann in 1891 for filling shells, and 
used by our service under the mark u T.N.T.” It is even 
less sensitive to shock than picric acid. “Ammonal,” 
used by the Austrians for shell-filling, is a mixture of 
T.N.T. with ammonium nitrate, charcoal, and aluminium 
powder. It is both very safe and very powerful. T.N.T. 
is much used for demolishing bridges. It is so insensitive 
to shock that it is not exploded on being struck by a rifle- 
bullet, and when in a shell it withstands the impact of 
the latter piercing an armour-plate (Macnab, “ Explosives,” 
Inst, of Chem. Lecture, X914). 

Tetra-nitro-aniline, obtained by Flurscheim, enjoys the 
untque position among explosives of having been dis- 
covered m this country. It is said to be equally safe and 
even more powerful than trinitrotoluene. 

According to the late Oscar Guttmann the production 
of nitroglycerin explosives in xgog was as follows: — 
United States, 20,000; Germany, xo,3oo; England, 
8x00 ; Transvaal, 8000 ; Canada, 5000 ; Spain and Por- 
tugal, 3Soo ; Austria-Hungary 2300 ; France, 1500 tons ; 
Switzerland, Australia, Norway, and Sweden, 600 tons 
each ; Russia, Italy, Holland, Belgium, 500 tons each ; 
Greece, 175 tons. 

Explosives are of enormous importance also in civil life. 
In mining and engineering modern explosives have greatly 
accelerated progress and have rendered possible such 
works as the Panama Canal. They are also being now 
employed with great advantage in afforestation for 
loosening the ground in which trees are to be planted. 
The manufacture of explosives in Germany is very highly 
developed. The total German production of 40,000,000 
kilogrms. includes dynamite explosives, 10, 000, 000 ; am- 
monium nitrate explosives, 16,000,000 ; and black powder, 
&c., 14,000,000 kilogrms. There were exported in 1908 
value about £1, 000, 000, and in 19x2 £3,000,000. 

The world-production of explosives is now about 
400,000,000 kilogrms., or ten times the German total 

* Meeting held at Birmingham University on March 4, 1915. From 
the Journal oi th * Society of Chemical Industry t xxxiv., No. 7. 


output. We have at Ardecr, in Scotland, the largest 
explosives factory (Nobel’s) m the world, covering 850 
acres, employing 1800 men and 700 women, and pro- 
ducing annually about 16,000 tons of all kinds of high 
explosives. 

Artificial Silk , — An eminently peaceful industry which 
is closely related to that of explosives is the production of 
artificial silk and celluloid. The manufacture of artificial 
silk has grown up during the past twenty-five years, for 
this product was first shown by Count Hilaire de Char- 
donnet at the Paris Exhibition of 1889 ; he discovered the 
method of its preparation whilst a student in the Ecole 
Polytechnique at Paris, and in 1891 formed a company at 
Besangon, with a capital of £240,000, for its manu- 
facture. 

The chief kinds of artificial silk are : — (x) Nitrated 
cellulose (soluble in alcohol-ether) Bilk (denitrated by 
ammonium sulphide) (Chardonnet silk). (2) Amraomo- 
cupnc oxide cellulose silk (Pauly, Fremeiy, or Uiban 
silk, of the Vereimgte Glanzstofffabnk, Elbeifeld, 1897). 
(3) Viscose silk (CS2 in presence of NaOH or Ca (OH)a 
on cellulose) (Cross and Bevan). (4) Acetate silk (acetic 
acid on cellulose) (Cross and Bevan). 

Germany produces about 2,000,000 kilogrms., value 
about £1,200,000, exports 600,000 kilogrms., and imports 
x ,800,000 kilogrms. ; the imported is principally “alcohol 
silk,” due to disadvantageous alcohol tax m Germany. 
Germany is the principal user of artificial silk, although 
the fundamental discoveries upon which the manufacture 
is based are largely due to French and English chemists. 
The world production is estimated at about 7,000,000 
kilogrms. 

The distribution of the industry may be gathered from 
the following France, 7 factories; Germany, 8; Bel- 
gium, 3; England, 2; Spain, 1; Austria Hungary, 4; 
Russia, 3 ; America, 3 ; Japan, x. 

Great profits have been made out of artificial silk (some 
of the companies have paid 50—100 per cent dividends), 
and the price has greatly fallen since its introduction from 
28s. to 32s. per kilogrm. m 1903, x6s. m igo6, and 12s. 
(poorer qualities 6s. to 8s.) in igio. 

The cellulose industries furnish a particularly striking 
example of the manner m which chemical research and in- 
vention are able to enhance the value of the kindly gifts of 
the earth. Thus, one cubic metre of wood has value as 
fuel about 6s. ; (after boiling with lime, soda, and sul- 
phite) as paper pulp, £x 12s. ; ditto as paper, £2 x6s. ; 
pulp converted into artificial silk, £80 to £240. 

Industries dependent on Synthetic Organic Chemistry . — 
It is out of the profound study of synthetic organic 
chemistry which has been made during the past sixty 
years that the industries of artificial dyes, drugs, and per- 
fumes have incidentally arisen. The earlier and pioneering 
achievements in synthetic organic chemistry are well dis- 
tributed amongst the nations of Europe. (England and 
France were, however, more especially to the fore). But 
during the major part of the sixty years the great bulk of 
the discoveries m this domain have been made in Ger- 
many. Organic chemistry is, perhaps, the branch of 
science which more perfectly suits the German mind and 
temperament. It involves the possession of those quali- 
ties in which Germans are so pre-eminent— the capacity 
for taking an infinitude of pains, the capacity to anticipate 
difficulties and organise means to circumvent them. It is, 
moreover, only possible to make substantial advances in 
the problems of organic synthesis if the master has at his 
disposition a number of highly qualified and docile assist- 
ants and apprentices ; in a word, the master must be at 
the head of a large and efficient school of research. It is 
in the possession of such schools of research, both in the 
universities and in the chemical factories, that Germany 
has by two generations the lead of all other countries in 
the world. Whilst most of the professors of chemistry in 
our own universities and colleges have under great diffi- 
culties and without any sort of encouragement been more 
or less successful in building up such schools of research, 
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which are, however, by no means slavish imitations of the 
German model, the chemical manufacturers of this country 
have, with some notable exceptions, failed to establish 
anything worthy of the name of research laboratories in 
connection with their works. 

It is in respect of the works research laboratory that 
there is the greatest contrast between the chemical indus- 
tries of Germany and those of other countries, and it is 
not surprising, therefore, that the present war should have 
served to emphasise the class of chemical products for 
which we are almost entirely dependent on Germany. 
(Only about one-tenth of the annual value of dye- stuffs 
consumed in England is produced in our own country). 
It is precisely those products — artificial dye-stuffs, artificial 
drugs, and artificial perfumes-— which are the outcome of 
the works research laboratories, that are now in many 
cases unobtainable in consequence of the cutting off of 
the German sources. 

The seriousness of the situation is apparent from the 
following figures, relating to dye-stuffs alone The value 
of dye-stuffs consumed in England annually is ,£2,000,000, 
and the value of trade in which these dye-stuffs are em- 
ployed is £200,000,000, whilst upwards of ij million 
workmen are dependent upon these industries. The total 
value of dye-stuffs imported into the United Kingdom in 

013 was £1,892,055, of which Germany contributed 
/i, 730,8*1. . 

Perhaps the most concise way of conveying a superficial 
idea of these industrial products of organic synthesis will 
be by means of the following classification : — 

I. Artificial Products . — Colours first obtained from 
aniline by Runge in 1834, by the action of bleaching 
powder. Aniline colours : Mauve was discovered by 
Perkin in 1856, and magenta by Verguin in 1859. Azo 
colours were discovered by Griess in 1859, and introduced 
on an extended scale in 1878. (Both azo andeosin colours 
were kept as secret products, but the colours were investi- 
gated by Hofmann and their mode of production published, 
to the great consternation of the inventors). The azo 
colours have achieved an enormous importance, and have 
practically banished cochineal and logwood from the dye 
works. Some 2000 azo colours are now in use. Congo 
colours, substantive cotton dyes, were discovered by 
C. Bdttiger in 1884* 

It must not be supposed that British colour manufac- 
turers have been idle from the days of Perkin ; thus, in 
1880 a very original departure was made by Messrs. Read, 
Holliday, and Sons, who introduced the principle of de- 
veloping azo dye-stuffs on the fibre with their sp-calied 
ingrain or ice colours. Some of these have achieved a 
great success ; thus, 2000 tons of p nitraniline are now 
annually manufactured for the production of nitraniline- 
red and similar colours (G. T. Morgan, “ Modern Dyes 
and Dyeing,” Royal Dublin Society, 1914; Cain and J. F. 
Thorpe, “The Synthetic Dye-stuffs and Intermediate 
Products,” 1913). Again, the discovery of primulin and 
the colours which can be derived from it by A. G. Green, 
in X887, is another very notable achievement. Eosin 
colours were discovered by Caro in 1873, 

II. Artificially produced Natural Products.— This group 
contains substances occurring in nature and long valued 
by man. The chemical nature of these substances has 
been carefully ascertained by chemists, who have then 
deliberately set to work to devise methods for their arti- 
ficial preparation at such a cost as to compete with and 
ultimately supplant the natural product. These cam- 
paigns against the commerce in the products of nature 
undoubtedly constitute one of the most remarkable 
phenomena in the history of the world. Bear in mind, it 
is the production and supply to man of the actual pro- 
ducts of nature, but more cheaply than they can be 
produced and supplied by Nature herself. These en- 
deavours have already been successful on a very large 
scale. 

Alitsarin (the essential principle of the madder root) was 
first synthesised by Graebe and Liebermann in 1869. At 


the time of this discovery the world production of madder 
was 50,000,000 kilogrms., roots (wj per cent alizarin), 
representing J — } million kilogrms. alizarin, value 
£2,250,000. In 1870 France had 20,000 hectares (50,000 
acres) under madder cultivation, which soon disappeared 
alter the introduction of the artificial product. 

The production of artificial alizarin was: •— 1873, 
100,000 ; 1877, 750,000 ; 1884, 1,350,000 ; 1900, 2,000,000 
kilogrms. (four-fifths of this was produced in Germany). 

A great number of most valuable artificial dye-stuffs, 
more or less closely related to alizarin but not occurring 
in nature, have been prepared by chemists, and the total 
value of the alizarin-colour exports of Germany at the 
present time is about £1,000,000. 

Indigo. — This most highly prized blue dye-stuff of both 
the ancient and the modern world was first artificially 
synthesised by Adolf Baeyer in x88o, but it required 
seventeen further years of unremitting and laborious in- 
vestigation in the works of the Badische Anilin und Soda- 
fabnk at Ludwigshaten, and the investment of nearly 
£1,000,000 before laboratory synthesis was translated into 
a commercially successful industry, for it was in 1897 that 
the artificial indigo was put on the market. (Baeyer'8 
first patent for the synthesis of indigo from o-nitro- 
cinnamic acid was taken out in x88o, and by 1907 there 
had been no less than 3x6 patents obtained in Germany 
for processes connected with the preparation of indigo. 


British East Indies . Ge rmany. 



Exporta. 

r - -J- 

Imports, 

Exports. 

l8y6 . . 

Cwt. Value, £. 

£ 

£ 

■ • 188,337 3-569.670 

.. 135,187 1,980,319 

1,036,000 

319*55° 

1899 .. 

4x5,45° 

392,250 

1902 .. 

.. 89>75 0 I>234,837 
.. 49,252 556,405 

184,350 

923,XOO 

1905 •• 

60,100 

1,286,050 

1908 .. 

.. 32,490 424,849 

44,100 

1.932,75° 

1911 .. 
19X3-X4 

.. 16,939 225,000 

. . 60,000—70,000 

22,300 

2,091,500 


In 1896 the world production of plantation indigo (xoo 
per cent) was 6,000,000 kilogrms., value £4,000,000; 
four-fifths of this was British, obtained from 1,500,000 
acres in British India. In 1904 only 500,000 acres was 
under cultivation, and in 1913 only 300,000 acres. 

The price of indigo (xoo per cent) in 1897 was 16s. per 
kilogrm. and in 1913 7s. per kilogrm* 

By varying the ingredients in the indigo synthesis many 
very valuable dyes related to indigo have been obtained. 
Thus, the chlorine and bromine substituted mdigos are 
manufactured as ciba blue, brilliant indigo, and bromo 
indigo ; again, with sulphur instead of oxygen, thio indigo- 
red and thio indigo-scarlet. Moreover, by using the 
anthracene grouping in the indigo synthesis a number of 
most important colours have been obtained, e.g, mdan- 
threnes, of extraordinary fastness to light ; alizarin indigo ; 
algol colours (Rob. E. Schmidt), in all varieties of colour 
and of the greatest fastness to light. The discovery of 
these valuable dye-stuffs provoked zealous emulation on 
the part of the azo colour chemists, who responded by 
placing some very excellent new products on the market 
under the name of benzolight colours* 

Antique or Tyrian Purple was perhaps the most highly 
prized of all colours in the ancient world. We know from 
Pliny that this dye was obtained from a rather rare snail 
living in the Mediterranean, and which he describes under 
the name of “purpurea.” Paul Friedlander, of Darm- 
stadt, succeeded in 1909 in extracting this colour from 
certain glands of two different species of snail— Murex 
brandarts and Murex trunculus — which appeared to corre- 
spond to Pliny’s description of “ purpurea.” He removed 
these glands from 12,000 individual snails, developed the 
colour by a short exposure to sunlight, extracted it with 
suitable solvents, and re-crystallised it from quinoline. 
In this manner lie obtained only x£ grm. of the colouring 
matter, so that its extreme costliness, which Friedlander 
estimates at about £2000 a kilogrm., is not surprising. 
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On investigating the chemical nature of this colour he 
found that it was identical with the already known syn- 
thetical compound 6*6'-dibrom indigo. 

Drugs and Perjumes . — Not less remarkable are the 
achievements of organic synthesis in connection with 
pharmaceutical and perfumery products. 

The production of artificial drugs and perfumes is in 
general only a branch of the artificial colour industry, for 
in many cases the raw materials are the same, whilst the 
methods of investigation and synthesis are of course 
identical, but whereas the artificial colour industry started 
in England, that of artificial drugs is entirely of German 
origin, and may be said to begin with the discovery by 
Liebig of chloroform in 1831 and of chloral hydrate in 
1832. It was in 1869 that the chemical works of Sobering, 
on the suggestion of O. Liebreich, produced chloral 
hydrate as a commercial article. 

In 1887 began the discovery of artificial antipyretic 
drugs, the rivals of the natural quinine. The first of 
these was antifebrin, the properties of which were dis- 
covered accidentally in consequence of a mistake. A 
specimen of acetanilide in a Strassburg pharmacy was 
erroneously supposed to be naphthalene, and was served 
out as such for some pharmacological experiments by 
Kahn and Hepp. On being taken internally its antifebrile 
effect was observed. Fortunately there was enough left 
for analysis, and it was found that the supposed naphtha- 
lene was the long known acetanilide, which soon acquired 
a great vogue for this purpose. About the same time 
antipyrin was discovered by Knorr, who erroneously 
thought that it was chemically related to quinine, and that 
it would, therefore, not improbably possess antifebrile 
properties. Direct experiment showed that it did actually 
possess these properties in a high degree, but subsequent 
research showed that it was in no way chemically related 
to quinine. These and numerous other artificial anti- 
pyretics have been a great source of income to their 
inventors in consequence of the continued prevalence of 
influenza during the past quarter of a century. 

During the period that antipyrin was protected by patent 
it was sold at £6 perkilogrm., whilst on the expiration of 
the patent the price was reduced to £1 per kilogrm., which 
still allows a good margin of profit. 

These discoveries have led to the systematic study by 
direct experiment on animals and human beings of innu- 
merable chemical compounds, with a view of ascertaining 
their physiological properties. The enormous amount of 
most laborious work which has been carried out in con- 
nection with synthetic drugs maybe gathered from the fact 
that up to 19x2 about 5000 artificial products had been 
found to possess therapeutical value of one kind or another, 
but of course comparatively few of these have permanently 
established themselves in medical practice. Time does 
not permit me to do more than refer briefly to some of the 
simpler and better known synthetic drugs. 

Thus, of antipyretics, which have or have had some 
considerable vogue, are Antipyrin, tolypyrin (dimethyl- 
tolylpyrazolone), salipyrin (antipyrin-salicylate), antipyrin 
mandelate (tussol, for whooping cough), neopyrin, 
pyramidon (three times as strong as antipyrin) (diraethyl- 
aminoanti pyrin), antifebrin, phenacetin (cheapest anti- 
pyretic excepting antifebrin, about 6s. per kilogrm., and less 

S oisonous than antifebrin), lactophenin, lactyl-f-pheneti- 
ine, aminophenacetin or phenocoll (also has an antiseptic 
action). 

The above series derived from aniline affords a good 
illustration of the dependence of physiological properties 
on chemical constitution. Aniline itself is a powerful 
antipyretic, but is extremely poisonous, owing to its ready 
absorption and action on haemoglobin. By introducing 
the acetyl group the toxic properties are much reduced, 
owing to its greater stability, although acetanilide is slowly 
hydrolysed with liberation of aniline, so that after a time 
the symptoms of aniline poisoning may supervene. The 
observation that acetanilide is partially oxidised in the 
system to £-aminophenol led to derivatives of the latter 


being tried. Thus phenacetin has been found to possess 
powerful antipyretic and greatly reduced toxic effects 
(“ Chemistry of Synthetic Drugs,” P. May, igii). 

Hypnotics . — Sulpbonal was accidentally discovered to 
possess hypnotic properties in connection with experiments 
on the transformations of sulphur compounds in the animal 
system. A dog, which had been dosed with the newly 
discovered sulphonai in Baumann’s laboratory at Freiburg, 
i.B., was found to fall into a deep sleep. 

More powerful hypnotics were found to result from 
introducing further ethyl groups : — 

(CH 3 ) a C(SO a .C a H 5 ) a (CH 3 )(C a H 5 )C(SO a .C a H 5 ) a 

Sulphonai Trional 

(C a H 5 ) a C(SO a .C a H 5 ) a 
Tetronal. 

In connection with the manufacture of sulphonai I may 
refer to an interesting difficulty which was experienced by 
the Elberfeld Colour Works (Bayer und Co.) owing to the 
appalling smell of the mercaptan from which it is pre- 
pared, and of which Emil Fischer and Penzoldt have 
shown that the human nose is still capable of appreciating 
x/400,000,000 mgrm. In spite of this, German thorough- 
ness has been successful in so perfecting the apparatus 
in which the manufacture is carried on that no nuisance is 
occasioned. 

Veronal (diethylbarbituric acid) (E. Fischer and Mermg, 
patented by Merck in 1903) is one of the most widely used 
hypnotics. Although it was formerly supposed to be 
practically free from toxic properties, in recent years cases 
of veronal poisoning have been known to occur. 

Antineuralgics.— Salicylic acid, one of the first drugs to 
be artificially prepared (Kolbe, i860), acetyl-salicylic acid 
(aspirin), and salol (phenylsalicylate), though extremely 
simple synthetic products, are almost exclusively made in 
Germany, with the result that their price has now greatly 
increased. Even synthetic phenol, which is necessary for 
the above preparations, was exclusively made in Germany 
and kept down the price of coal-tar phenol. The price of 
phenol has now enormously increased from 3$d. per lb. 
to is. 4.d. per lb., and is likely to go higher, ( Pharm . 
Journal, 1915). 

Anti gout Drugs (uric acid solvents). — Piperazine (dis- 
covered by Hofmann in 1890), lysidine, urotropine (bexa- 
metbylene tetramine), atophane (a-phenyl cinchonic acid). 

Suprarenine. — This is of special interest. The active 
principle of the suprarenal glands knows as adrenaline 
(discovered by Takamine in X90X) had for some years been 
found to be of great value for increasing the blood- 
pressure, contracting the blood-vessels, and arresting 
haemorrhage. It requires the suprarenal glands of 40,000 
oxen to prepare x kilogrm. of adrenaline, but this sub- 
stance has been artificially synthesised by F. Stolz, and is 
put on the market as suprarenine by the Hochst Colour 
Works. The synthesis of adrenaline may be represented 
thus • 

Catechol Chloraceto-catechol — — > 

CH a ClCOCl CH 3 NH a 

Methyl-amino-aceto-catechol > Adrenaline 

Al- amalgam 

Natural adrenaline is Isevo-rotatory ; the synthetic can 
be resolved by tartrate ; the laevo is fifteen times as potent 
as the dextro. 

The German colour manufacturers are organised into 
two principal groups or trusts (Interessengemeinscbaft) : — 
(x) Badische Co., of Ludwigshafen ; Bayer Co., of Elber- 
feld ; Berlin Aniline Co. (2) Cassella Co., of Frankfurt; 
Meister, Lucius, und Bruning, of Hochst (“ German Coal 
Tar Companies,” Textile Mercury , Jan. g, 1915). 

The share capital of the above two groups in igxx was 
£8,000,000, paying a dividend of 25*8 ppr cent, and 
probably now about £12,000,000, dividend 28 per cent. 

In 1860-70 Germany imported about £2,500,000 worth 
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of dyes per annum, while in 1912 Germany exported about 
£10,000,000 and produced about £12,500,000 of dyes. 

The composition of the personnel who catty on these 
German colour works is at the bottom of their success. 
Take the works of Messrs. Meister, Lucius, und Brtining 
as an example. In 1913 the composition was as follows : 
Workmen 7680, managers 374, expert chemists 307, tech- 
nologists 74, commercial staff 61 z. Contrast with the 
above the fact that the six English factories now producing 
dyestuffs employ altogether only 35 chemists, whilst evi- 
dence of their relative activities is again furnished by the 
circumstance that between 1886 and 1900 the English 
firms took out only 86 patents, whereas the six principal 
German firms were responsible for 948 during the same 
period. 

Having shown that these German coal-tar colour manu- 
facturers are without rivals from the commercial point of 
view, 1 feel it to be my duty to point out also that their 
industry is carried on under conditions of labour which are 
highly creditable to the management. 

This vast and highly organised industry of dyestuffs and 
fine chemicals, which is certainly one of the most out- 
standing manifestations of the modern German spirit, was 
formerly very dependent on England for its chief raw 
material, coal-tar, and it is interesting to see how effec- 
tually Germany has emancipated herself from a control 
which might at any time become irksome or even 
paralysing. 

German Coal-tar Production . 

Coke ovens. Gas manufacture. 


Tons Tons. 

1897 52,000 — 

1900 .. 93,ooo — 

1904 277,000 225,000 

1908 632,400 300,000 


In 1908 40,000 tons was still imported from England, 
and in 19O9 18,000 tons, but 35,000 was also exported. 

In 1900 the German production of coal-tar was only 
about one half of that produced in England, whilst by 
1912 it had equalled if not surpassed the English produc- 
tion. Again, in 1880 Germany used 1400 tons of pure 
anthracene, of which only 200 tons was of German origin, 
whilst at the present time the 5000 tons now employed in 
Germany te all produced there. 

The phenomenal increase in the German coal-tar pro- 
duction has depended on a similarly rapid development of 
the German iron and steel industry, which has entailed an 
enormous demand for metallurgical coke, in the produc- 
tion of which the greatest attention has been devoted by 
Germany to the recovery of the by-products— tar, gas, 
ammonia, &c. 

In England the quantity of coal-tar treated was 175,000 
tons in 1870, and 640,000 tons in 1880 ; at present over 
750,000 tons is treated. 

With regard to the synthetic perfume industry, the facts 
are in many respects essentially similar to those in con- 
nection with the artificial dyestuffs. The production of 
artificial perfumes, in many cases the identical substances 
which are produced by nature, has assumed very large pro- 
portions in Germany, the annual output being estimated 
at about £2,500,000. It is again particularly noteworthy 
that one of the first steps in the realisation of this remark- 
able achievement of artificially building up the natural 
perfumes was also made by William Henry Perkin, who 
in x868 succeeded in synthesising coumarin, the highly 
valued odoriferous principle of the woodruff (Asperula 
odorata). 

The effect of artificial synthesis on the price of natural 
perfumes may be gathered from the following ex- 
amples : — 

Price of 1 kilogtm. 

Natural. Synthetic. 

Coumarin.. .. £25 £150 

Vanillin £50 £1 10 o 

Heliotropin . . £150 £0 xo 0 

(To be continued). 


BLOOD CHARCOAL AS A PURIFYING 
AGENT FOR ARSENIC SOLUTIONS PREVIOUS 
TO TITRATION.* 

By ROBERT M. CHAPIN. 

Whenever possible, arsenic is estimated by jbe highly 
accurate and convenient method of titration with iodine. 
As necessary conditions, the solution must be free from 
other substances capable of absorbing iodine during 
the titration, and from colouring matter to obscure the 
end-points. 

The laboratory of the U.S. Department of Agriculture, 
Washington, has been required to examine very many 
samples of the arsenical dipping baths now so largely used 
for ridding cattle of Texas-fever ticks (compare Farmer's 
Bull . 603, U.S, Dept. Agric.). The important insecticidal 
ingredient of these baths is an alkaline arsenite, and it is 
in this form that the arsenic is introduced when the baths 
are prepared. But with accumulation of dirt and excre- 
ment from the cattle during months of use in dipping vats, 
the baths become culture media for micro organisms which 
may either oxidise the arsenic or reduce it again, depending 
upon prevalent conditions (compare U.S. Dept. Agric., 
Bull. 76). In a sample of used bath therefore it is neces- 
sary to determine both actual arsemous oxide and total 
arsenic. 

The organic matter present in used arsenical dipping 
baths interferes with titration by iodine in both the 
undesirable ways ; it absorbs iodine under the conditions 
of the titration, thus rendering the end-points inaccnrate 
and fugitive, and it imparts colour to the solution. An 
obvious first step is to acidify and filter the bath, adding 
also a clarifying agent. Purified kaoline or kieselguhr are 
only moderately beneficial, but in blood-charcoal was 
found an agent which, used in small amount and with 
brief digestion, produced water-white filtrates wherein the 
end-points with iodine came out sharply and permanently. 
Before the subBtance could be employed in routine 
analytical work it was necessary to ascertain if its well- 
known adsorptive and oxidative powers would affect the 
arsenic present (compare Rosenthaler and Turk, Arch, 
Pharm.t 1906, ccxliv., 517). 

The simple plan of investigation involved treatment of 
measured portions of a standard arsemous acid in parallel, 
with and without charcoal, followed by titration with 
standard iodine. Approximately twentieth-normal solu- 
tions were employed, and to each 25 cc. of arsenious acid 
solution was added 5 cc. of 10 per cent (by weight) sul- 
phuric acid, and 0*25 grm. blood-charcoal (if any used), 
previous experiments having shown this quantity to be 
ample for the purification of 25 cc. of very filthy dipping 
baths. All filiations followed bjr washing were carried to 
a total volume of 125 cc. Arsenious oxide was titrated in 
presence of sodium bicarbonate. For total arsenic the 
X25 cc. of filtrate and washings were boiled down to 50 cc. 
after addition of 3*5 cc. concentrated sulphuric acid and 
2 grms. potassium iodide. From the cooled solution, diluted 
to 250 cc., excess iodine was cautiously removed in pre- 
sence of starch by a dilute solution of sodium sulphite 
(o'5 per cent of anhydrous salt), then acid was neutralised 
with sodium carbonate and bicarbonate, and after further 
dilation the titration was complete in the usual way. 

In the table each figure for an iodine titration 
represents the average result from at least two closely 
agreeing and wholly independent tests. 

From the results it is evident that blood-charcoal, 
though slightly adsorbing arsenious oxide from acid solu- 
tion, quantitatively returns it to thorough washing, not, 
however, in its original state, but more or less oxidised to 
arsenic acid. The charcoal used, purchased as “ acid- 
washed," was exhaustively purified with hydrochloric aci ^ 

* Published by permission of the Secretary of Agriculture, U.S. A. 
From the Journal of Industrial and Engineering Chemistry , vf.. 
No. X2, 
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to free it from iron, consequently there is no reason to 
believe that the evident oxidative properties it displayed 
can be attributed to anything else than oxygen of the air 
likewised adsorbed by it, the power of charcoal to adsorb 
gases being sufficiently well known. 


No. 


Cc N/ao I per 
25 cc AS3O3 sol Apparent 

Procedure. — ^ loss: cc 

Without With N/20 1 
charcoal, charcoal. 


1. Direct titration for actual Asa 0 3 25 14 — — 

2. 50 cc. As 3 0 3 , 10 H 3 S 0 4 , 0*50 

grm. charcoal ; made to 100 
cc. m stoppered flask, mixed, 
and filtered after forty minutes, 
discarding first runnings. Ti- 
trated 50 cc. for actual A82O3 — 24*47 0*67 

3. In a 100 cc. beaker, low form, 

25 cc. AS2O3, 5 cc. H2SO4, 
o 25 grm. charcoal ; stirred 
cold five minutes, filtered (a), 
washed, and titrated for actual 


A8203 • .. ,, •• .. 

— 

24*97 

0*17 

4. Similar to No. 3 except heated 
five minutes on steam bath. 
Titrated for actual AS2O3 . . 


24-91 

0*23 

5. Similar to No. 4 except heated 
for forty minutes with occa- 
sional stirring. Titrated for 
actual AS2O3 

25-13 

*4 74 

0*40 

6. Similar to No. 5 except titrated 
for total arsenic 

25-14 

25 13 

Nil 


(a) The tests without charcoal were not filtered but 
were made directly to the desired volume. 


Other similar experiments, which in view of their 
simplicity are not detailed, showed that (1) the amount of 
arsenious acid oxidised is dependent upon the amount of char- 
coal used as well as upon the length of heating, but not at 
all upon the concentration of arsenious acid (at any rate 
between 5 cc. and 25 cc. of twentieth normal solution in 
an original volume of 30 cc.) ; (2) arsenic acid is likewise 
slightly adsorbed, and likewise quantitatively returned to 
thorough washing. 

As to the practical application of the above observations, 
it is believed that they may be of considerable assistance 
in the estimation of both arsenious and arsenic acids in a 
variety of substances. As a test of the decolorising power 
of the charcoal, 2 grms. of a sample of London purple 
(obtained through the courtesy of C. C. McDonnell, of the 
Bureau of Chemistry and stated to contain approximately 
25 per cent of dye-stuff) were digested with 100 cc. dilute 
hydrochloric acid according to the method of the A.O.A.C. 
fBureau of Chemistry, Bull . 107, revised), and were then 
treated for five minutes at 6o° to 70° C. with 2 grms. 
blood-charcoal, being stirred most of the time. To obtain 
the most trying conditions, the solution was then at once 
filtered with suction, washing continued to a total volume 
of 250 cc., and the filtrate finally made to 300 cc. A 
50 cc. aliquot, which is the quantity officially prescribed 
for each estimation— corresponding to 0*333 grm. char- 
coal-developed no trace of purple colour when treated 
with excess of either sodium carbonate or bicarbonate. 

If actual arsenious oxide is to be determined it is of 
course necessary to obtain a “correction for oxidation” 
on the sample of charcoal to be employed, under the 
precise set of conditions which will prevail in the analysis. 

The writer has previously recommended the use of 
blood-charcoal in the assay of arsenical dips (U.S. Dept. 
Agric., Bull. 76), noting the necessity for a correction, but 
at that time had reason to believe— and so implied— that 
it was chiefly attributable to adsorption. The precise 
cause of the phenomenon was not of prime importance in 
a purely technical paper, but in the interests of scientific 
accuracy the matter has since received this special study. 


A GARDEN OF SERPENTS. 
By JACQUES BOYER. 


In the Serotherapic Institute of Brazil, which occupies a 
tract of 700 acres at Butentan, Dr. Vital Brazil produces 
berums for the cure and prevention of the effects of snake 
bites. The snakes used in preparing the serums are kept 
in a small park, containing numerous dome-shaped 
bhelters, which is surrounded by a wall and a ditch filled 
with water. Other specimens are kept in a similar park, 
near the main building, in order to study their habits, 
favourite food, the very diverse venomous properties of 
various species, and the best method of escaping their 
attacks. The hot and moist forests of Brazil swarm with 
venomous serpents, but the slightest noise alarms the 
peaceful and timid reptiles, which attack only those 
persons and animals that tread on them or destroy their 
lairs. The principal families are the Bothrops and the 
Crotales, or rattlesnakes. The Bothrops venom decom 
poses the blood and produces internal hoemorrhage, with 
intense congestion of the liver, kidneyB, and brain, while 
the venom of the Crotales paralyses the respiration, 
circulation, and vision, and usually causes death within 
twenty-four hours. Each venom requires its special 
antidote. Dr. Brazil prepares a serum for each, and also 
a polyvalent or compound seTum, which is effective 
against all Brazilian snake venoms, for use when the 
species of the attacking snake is unknown. 

The serums are obtained from young and sound horses 
and asses, which receive, at intervals of five or six days, 
injections of venom, increasing from one-twentieth mgrm. 
to x grm. A year’s treatment is required to produce per- 
fect immunity and an effective serum. The polyvalent 
serum is obtained by injecting the venoms of Bothrops 
and Crotales alternately. The animals thus immunised 
furnish anti- venom serum for a long time, if they receive a 
freRh injection of venom after ea^h extraction of serum. 
Tubes of serum, with hypodermic syringes, are sent 
gratuitously to hospitals, municipalities, and poor patients. 
Others are sold at low prices or exchanged for live snakes. 
In X913 about 900 tubes of rattlesnake serum, 800 of 
Bothrops serum, and 4500 of polyvalent serium were dis- 
tributed, and 4500 snakes were received. Serums for pest, 
diphtheria, and tetanus also are produced by the usual 
methods. 

In the course of his study of Brazilian serpents, Dr. 
Vital Brazil has discovered a non-venoxnoua constrictor 
snake, the mussvrana , which is naturally immune to snake 
venom, and which kills venomous snakes by crushing 
them in its coils and then devours them. 

It is a remarkable fact that the serums prepared at 
Lille by Dr. Calmette, the originator of the serum treat- 
ment for snake bites, are powerless against the venom of 
Brazilian serpents . — Scientific American , cxii., No. 20. 


INTERNATIONAL INSTITUTE OF 
AGRICULTURE. 


Bulletin of Agricultural and Commercial Statistics . 
The May number of the above Bulletin published by the 
International Institute of Agriculture (Rome) confirms the 
information contained in the preceding month’s number 
regarding the production of wheat, rice, and cotton in 
India, with the addition of the figures for the sesamum 
crop in the same country, which is estimated at 5,874,784 
quintals for 1914-15, against 4*097,718 in 1913-14, or 
143*4 per cent. 

Tables follow with data on areas sown with wheat, rye, 
barley, oats, and maize. Among new data are the areas 
sown in Spain up to the end of March, estimated at 
3 i 959-652 hectares for wheat, 1,490,466 for barley, and 
493, 46r for oats, or xqi per cent, 108 per cent, and 93*5 
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pet cent, respectively, of the areas last year. For maize 
the areas sown in Italy amounts to x, 600,000 hectares, or 
xox*7 per cent of that in 1914. 

Reports are next published regarding cereal crop con- 
ditions in the different countries on May x, the conditions 
being generally good or average for most of the countries 
which sent word (Austria, Hungary, France, Great 
Britain and Ireland, Italy, Switzerland, Canada, Japan, 
Algeria, Egypt, and Turin). In the African countries 
harvest has already begun. 

The Bulletin gives information for certain countries on 
the appearance and progress of the cotton, rape, potato, 
tobacco, vine, olive, and sugar-beet crops, and also on the 
sericultural campaign. 

For the Southern Hemisphere crops the data on the 
second estimate for Argentina of wheat, oats, and linseed 
are shown, which vary appreciably from those published 
in the March Bulletin. The wheat crop for 1914-15 is 
now estimated at 48,504,000 quintals, or 156 per cent of 
that in 1913-14; the oats crop at 9,201,000 (ioo*8 per 
cent), and the linseed crop at 12,424,000 (124*9 per cent). 

The production figure for wheat in Australia is also 
modified to 6,782,667 quintals, against 28,126,139 in 
1913-14, or 24*1 per cent of the latter. 


WELSH NOTES. 

(By Our Special Correspondent). 

Thr trade of Swansea Port experienced a strong revival 
during the past week, and notwithstanding the com- 
parative inactivity over the Whitsun holidays an increased 
tonnage of 10,000 tons was registered as compared with 
the corresponding week of last year. The unusual quiet- 
ness of the import trade was more than counterbalanced 
by a very large export of patent fuel. The imports in- 
cluded 550 tons of iron ore from France, xioo tons of pig- 
iron, xxox tons zinc ore, and 255 tons of scrap steel from 
Spain, and 2500 tons zinc ore from Italy. The shipments 
of tin-plates amounted to 89,360 boxes ; received from 
works, 66,210 boxes; stocks in dock warehouses and vans, 
308,185 boxes, compared with 331,335 boxes the preceding 
week and 260,077 boxes at the corresponding date last 
year. Patent fuel exports amounted to 20,666 tons. 

Trade at the Port Talbot Docks fell off considerably 
over the Whitsun holidays, although the week started with 
great promise. Imports included pig-iron 873 tons, and 
150 tons pitch, whilst 4000 tons of patent fuel were 
shipped. 

The Swansea Valley industries brightened up consider- 
ably on the heels of the holiday. The Landore blast- 
furnaces worked well, pig-iron being in heavy demand, 
and all steel-works were working at high pressure. In the 
copper trade great activity was shown, whilst the tinplate 
trade showed a slight improvement, with the exception of 
the bar mills. Spelter factories were busy, all departments 
being constantly at work, and the demand was pressing. 
Before the outbreak of the war spelter was £25 per ton, 
but it has now risen to over £70. Trade was good in 
safety-fuse and lead-piping. The Mond Nickel Works, 
the Mannesmann Tube Works, and the Metal Extraction 
Works were fully occupied, whilst the engineering and 
fitting shops and iron and brass foundries were as active 
as ever. Sulphuric acid factories were in a very quiet 
state. 

The Siemens and Bessemer furnaces were lighted up 
at the Dowlais works in readiness for Tuesday morning, 
but the blast-furnaces had a check for a few days for 
renewal of some part of the plant. In the Goat Mill large 
orders for steel rails were rolled oft, which occupied a good 
part of the week, the mill not finishing until late on 
Saturday. Steel sleepers and steel bars were also pro- 
duced. In the Big Mill sole plates, fish plates, and light 
rails for tramways composed the bulk of output, and the 
mill worked cm until a late hour on Saturday. 


Messrs. Baldwin, Limited, held a confirmatory meeting 
during the week regarding the Port Talbot Steel Works 
merge, when the proposal was confirmed. The directorate 
will be increased from nine to twelve. 

Just at preseet it is pleasing to note that the steel rail 
market is firm with an upward tendency, and makers seem 
to be not in the least distressed at the prevalent lack of 
new business. A small order for India— 3000 tons for the 
Nizam’s railway— has gone to the Dowlais Mills. Some 
considerable Australian business is shortly to be placed, 
and the general expectation is that this will go to the new 
steel works at Broken Hill. The Pennsylvanian order for 
about 140,000 tons has not yet been given out. 

In their report for the year 19x4, the directors of the 
well-known Swansea undertaking, the English Crown 
Spelter Co., Limited, do not give any information as to 
the general state of this important industry. As I remarked 
earlier in this column, spelter has risen tremendously in 
price since the outbreak of the war, and the firm with its 
mines in Italy and its own works in Swansea should be in 
a position to do exceptionally well. It remains to be seen 
whether the fact that Italy has entered the arena of war 
will afreet operations at the mines in Lombardy, which is 
near the war area, The company show a profit for 19x4 
of £10,600, compared with £4000 in the previous year, 
and, besides maintaining a dividend of 10 per cent, the 
directors apply £2500 to reserve and suspense account, 
making that fund £22,500, and carrying forward £728. 
The report issued by the company shows that during 19x4 
7535 tons of raw calamine and blende were raised from the 
mines, and that 11,775 tons of ores were treated in the 
dressing works. These produced 8823 tons of calcined 
calamine and blende, net dry weight. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary MeeHng t May 20, 19x5. 

Sir William Crookes, O.M., President, in the Chair. 

Papers were read as follows:— 

“ Corpuscular Radiation Liberated in Vapours by Homo- 
geneous X-radiation” By H. Moore. 

" Absorption in Lead of 7 -Rays emitted by Radium B and 
Radium C.” By H. Richardson. 

x. The absorption curves in lead of the radiations 
emitted by radium B and radium C have been determined 
and analysed. 

2. In addition to the penetrating type of radiation for 
which p - 0*5 (cm. - l ) in lead, radium C has been found 
to emit soft types, for which p » 46, p » 6*o, and p •* 1*5, 
and which are practically absorbed by 1*5 cm. of lead. 

3. The analysis of the radium B absorption curve shows 
that in addition to the radiation p ■ 40 in aluminium, the 
rays emitted consist of three types for which p » 46, 
p « 6*o, and p » 1*5 for lead. The close similarity of this 
latter radiation with that of the soft portion emitted by 
radium C, already observed by Rutherford and Andrade, 
has been established. 

4. The absorption of the radiations in different elements 
has been examined and the bearing of the results discussed. 
No evidence of anomalous absorption has been found in 
the case of the penetrating radiations. 

u Application of Interference Methods to the Study of 
the Origin of Certain Spectrum Lines,” By T. R. 
Merton. 

By measuring the limiting orders at which interference 
can be detected for different radiations, certain deductions 
may be made as to the mass of the luminous particles and 
the temperature of the source. If the only circumstance 
which could possibly influence the width of spectrum lines 
at Ipw^pressures were the Poppler effect due to the motion 
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of the luminous particles in the line of sight, the relative 
masses of particles emitting radiations from the same 
source of light might be calculated. As, however, there is 
reason to doubt the validity of this assumption under 
certain conditions, the conclusions which may be drawn 
with certainty from measurements of this kind are an 
inferior limit for the mass of the luminous particles if the 
temperature of the source is known, or a superior limit to 
the temperature if the mass of the luminous particles is 
assumed. 

It is shown in the paper that the flame lines of calcium, 
strontium, and barium are probably due to molecules, 
whilst the H and K lines of calcium are to be attributed to 
calcium atoms. As the flame lines are members of series, 
it must be recognised that radiations from molecules may 
give rise to line series as well as band spectra. Lines of 
the two Bpectra of argon have been investigated. The 
width of the lines of the red spectrum would appear to be 
accounted for by the Doppler effect. The lines of the 
blue spectrum are very broad in comparison with those of 
the red spectrum, and a satisfactory explanation of this 
has not been found. Spectrum lines of the “ arc ” type 
are broadened when condensed discharges are used as the 
method of excitation, but the difference in width of the 
lines in the blue and red spectra of argon is of another 
order of magnitude. 

The band spectrum associated with helium has been 
found to be enhanced when the gas is cooled to the 
temperature of liquid air, which might justify the suspicion 
that more than one atom was concerned in its production, 
but a comparison of the width of the lines in the band 
spectrum with the ordinary helium lines makes it extremely 
probable that the band spectrum is due to atomic helium. 


PHYSICAL SOCIETY. 

Ordinary Meeting , May 28, 1915. 

Dr. A. Russell, M.A., Vice-President, in the Chair. 

A paper u On Numerical Relationships between Electronic 
and Atomic Constants ” was read by Dr. H. S. Allen, 
M.A. 

It has been pointed out by Jeans that hc 1 where h is 
Planck’s constant and c is the velocity of light, has the 
same physical dimensions as the square of an electric 
charge. Lewis and Adams have suggested a relation 
between these quantities of the form— 

eh (4**)*. 

This may be written — 

air.* _ (1 S/^WS _ a . 
he Ur *) 3 

where q is 7*28077 x io- 3 . The square of this numerical 
constant is p » 5*30096 x 10 - 5 . The charge e on an 
electron in E.S.U. is found to be, within 0*1 per cent, 
9 p x xoG. The ratio ejm of the charge to the mass is 
found to be p x xa», with the same order of accuracy. 
The occurrence of powers of xo in these expressions may 
be accidental or may depend on the way in which the 
units of length, mass, and time were originally deffned. 
Derived quantities, depending on m , and c % can be 
expressed in terms of simple integers (2, 3, or 4), powers 
of xo, p t and ir» The “ atomic mass of an electron ’* is 
approximately xo p. 

Discussion. 

Prof. O. W. Richardson said it was curious that the 
value of e and ejm should happen to be simple multiples of 
the quantity p . These two quantities were the key to the 
situation, as the other relations followed more or less 
directly from them. 

Mr. S. D. Chalmers said it was possible almost with 
any set of quantities to obtain striking numerical relation- 
ships, It was only when a physical significance was sought 


for that it could be seen whether they were anything but 
coincidental. 

Dr. W. Wilson said that if the units of mass, length, 
temperature difference, &c., were so chosen as to make 
the universal constants such as Planck’s A, the gravitation 
constant, &c., each equal to unity, the unit of mass which 
had to be adopted was p grm. 

Prof. Zeleny emphasised the importance of searching 
for the physical significance attached to these relation- 
ships. 

A paper “ On a Method of Calculating the Absorption 
Coefficients of Homogeneous X-Radiation ” was read by 
Mr. H. Moore. 

The action of X-radiation when passing through a gas is 
to liberate electrons from the gas. The number of electrons 
emitted by any atom in a beam of X-rays is proportional 
to the fourth-power of its atomic weight (or possibly its 
atomic number). (Moore, Proc . Roy . Soc. t May, 1915.) 
Thus, equal numbers of atoms of different elements, when 
subjected to similar X-ray beams, will liberate amounts of 
electronic radiation proportional to the fourth powers of 
the atomic weights of the elements. 

The absorption coefficients are proportional to the 
amounts of electronic radiation liberated, and, therefore, 
the absorptions of two elements, when equal numbers of 
atoms are present, will be proportional to the fourth powers 
of their atomic weights. 

The corpuscular radiation liberated in the vaponr of an 
element if it could be obtained as a monatomic vaponr at 
76 eras, can be expressed as 1*05 x 10* x (atomic weight) 4 , 
taking the corpuscular radiation in air as unity. The 
absorption coefficient of sneb a vapour would, therefore, be 
this number of times the coefficient of absorption of air 
for the same type of X-radiation. The absorption of any 
element is proportional to the number of atoms present, 
and having calculated the absorption in a hypothetical 
vapour of this type, the absorption in the same element 
in any condition can be calculated by a simple density law. 

This is done in the paper for several elements (metals), 
and also, assuming an additive law, it has been calculated 
for some compounds. The agreement between the cal- 
culated values and the values obtained by different 
observers by direct experiment is quite close over a con- 
siderable range of radiations and absorbers. When, how- 
ever, the atomic weight of the absorber is higher than that 
of the radiator, so that the K series is absent from any 
secondary radiation excited in the absorber, the agreement 
ceases. A possible explanation of this is suggested in the 
paper. 

Discussion. 

Prof. O. W. Richardson thought the paper made a 
considerable addition to our knowledge of the process of 
ionisation by X-rays. The primary rays in being absorbed 
produce some ionisation, and, in addition, excite secondary 
radiation, which in turn produces more ions. The paper 
helps to make clear the part played by these two canses in 
the production of the total ionisation. 

Dr. S. Russ felt that the paper conveyed the impression 
that one would find in practice the same value for the 
absorption coefficient as obtained by calculation. The 
phenomenon of selective absorption must surely set severe 
limits to the range of wave-length over which these rela- 
tions hold. Tbis range should be specified. How would 
the author calculate the absorption coefficients, say, for 
aluminium and water? If there were no selective ab- 
sorption \/p should be constant, but he had recently found 
it to vary over a wide range. 

Prof. Nicholson said the results were of interest to 
those engaged in the attempt to construct models of atoms 
and molecules. The phenomena appeared to be atomic in 
nature, thus bearing out the idea brought forward by 
Bragg that the atom preserves its identity in the molecule. 
In connection with the law connecting the absorption with 
the fourth power of the atomic weight, it would be 
interesting to know whether it was really the atomic weight 
or the atomic number that should be employed. 
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The Author replied as follows The formula should 
only be used where all the types of radiation excited in 
air are also excited in the material. He had had consider- 
able trouble in getting reliable coefficients owing to the 
large and uncertain scattering corrections which had to be 
applied. In one case he believed an observed value of 0*42 
had to be corrected to 0*2 or less. He had calculated some 
coefficients for gases, and with SO2 the agreement was as 
good as for solids. It should be possible to calculate the 
true absorption coefficient for water and aluminium, but he 
could not say how near these would be to values actually 
determined on account of the uncertain scattering. He 
had experiments in progress which should determine 
whether the atomic weight or the atomic number was the 
significant quantity. 

" Two Experiments Illustrating Novel Properties of the 
Electron Currents from Hot Metals” were shown by Prof. 

0 . W. Richardson, M.A., D.Sc., F.R.S. 

The first experiment demonstrates the cooling of a 
tungsten filament when an electron current is allowed to 
flow from its surface. This effect is 'analogous to the 
cooling due to latent heat when a liquid evaporates, or 
to the similar phenomenon due to the heat of reaction 
when a gas is emitted by chemical decomposition of a 
solid. 

An experimental lamp containing a fine filament of 
double tungsten is placed in one arm of a balanced Wheat- 
stone bridge actuated by the current which heats the wire. 
When the electron current is allowed to flow, by com- 
pleting a side circuit from an electrode inside the lamp to 
a point in the adjacent arm of the bridge, the galvano- 
meter is deflected in a direction which corresponds to a 
reduction of the resistance (and temperature) of the hot 
filament. The precautions necessary to eliminate fully 
disturbances due to various subsidiary phenomena are 
considered in papers by H. L. Cooke and the speaker in 
the Phil. Mag., 1913, xxv., 624, and xxvi., 472. 

The second experiment, in which a similar experimental 
lamp is used, demonstrates the flow of electron currents 
from a hot filament to a surrounding cylinder against 
various opposing P.D.s up to about 1 volt. On 

ccount of the large currents from tungsten this effect 
can easily be shown on a galvanometer. The data can 
be used to find the velocities of the emitted electrons 
(cf., Phil . Mag., xvi M 353 5 xv«-. Sgo ; xviii., 681). 

M A Short Account of Recent Experiments on High 
Permeability in Iron ” was given by Prof. Ernest 
Wilson. 

1. When iron is subjected to a strong magnetic force it 
has the effect of reducing the permeability and increasing 
the hysteresis loss for given values of the magnetic in- 
duction. The effect can be largely removed by careful 
demagnetisation. It was thought that the earth’s magnetic 
force might also have a polarising influence upon exposed 
iron, and an effort has been made to remove it by placing 
the specimen in a magnetic shield, and carefully de- 
magnetising it. (Roy. Soc . Proc A., 1914, xc., 179.) 
The permeability corresponding to small values of the 
magnetic induction is thereby considerably increased, and 
the hysteresis loss diminished. After a long period of 
rest in the shield the permeability has somewhat diminished, 
and on taking the specimen out of the shield it maintains 
its high value. 

2. Next as regards higher forces. The specimen in this 
case is not shielded, but is subjected to a magnetising 
force during the time that it is allowed to cool through the 
temperature of recalescence* Either with an alternating 
(Physical Review , second series, April, 1913, i., No. 4) 
or steady (Roy. Soc . Proc., A., xc., 343 ; also Roy. Soc . 
Proc., xci., 104) magnetic force a maximum value of the 
permeability of over xo,ooo is obtained. 

In these experiments the material has been tested on 
the form of laminated squares or rings. With straight 
strips 8 cms. long, 1*5 cms. wide, and 0*053 cm. thick, 
built into the form of test pieces, the effect, though pro- 


duced, could not be maintained, and the specimen with 
ordinary handling was reduced to the normal state. 

M An Experiment Showing the Difference in Width of the 
Spectrum Lines of Neon and Hydrogen ” was shown by 
Mr. T. R. Merton. 

For accurate measurements of the widths of spectrum 
lines an interference method must be employed, in which 
the optical difference of path between the interfering beams 
can be varied, the widths being calculated from the limit- 
ing difference of path at which interference fringes can be 
seen. By ‘‘crossing” a Fabry and Perot etalon with a 
single prism spectroscope it is possible to discriminate 
between lines arising from different elements, by the 
“ visibility of the fringes.” In the experiment shown a 
vacuum tube containing neon and hydrogen is examined 
in this way. The neon lines being narrow show sharp 
interference fringes, but for the hydrogen lines, which are 
broader, the limiting order at which interference can be 
seen is too low for fringes to be visible. 

Mr. R. S. Whipple expressed the thanks of the Society 
to Profs. Richardson and Nicholson for their kind invita- 
tion to King’s College, and for the interesting and 
instructive programme which had been submitted. 

^Note.— On account of the lateness of the hour, the 
Chairman did not invite discussion on the la&t three 
papers). _____ 

FARADAY SOCIETY. 

Ordinary Meeting, May ix, 1915. 

Sir Robert Hadfield, F.R.S., President, in the Chair. 

Prof. Alfred W. Porter, F.R.S, read a paper u 0 n 
Von Babo's Law and Kirchhoff's Equation for the Latent 
Heat of Dilution 

The following are the chief points in the paper : — 

1. Accurate formulas are found for the heats of dilution 
(both reversible and irreversible) for a solution of any con- 
centration at any hydrostatic pressure* 

2. A sufficiently accurate formula is obtained con- 
necting the heat of dilution with vapour pressures. Von 
Babo’s law is discussed in this connection. 

3. It is shown that, at any rate for sugar solutions, — 

log w — approximately, 

iro N — an 

where a is the hydration factor of the solute. 

4. It is emphasised that N - an cannot be interpreted as 
the number of effective molecules of solvent in the solution 
on account of the association of the solvent molecules with 
one another. For example, in the case of water the 
association is almost certainly between 2 and 3. Hence 
the actual number of solvent molecules in the solution 

N 

which are unattached to solute is between — —an and 

2 

N 

— -an ; because N is the number of molecules of 
3 

solvent reckoned as in the vapour state, and steam is not 
associated. 

Mr. D. Orson Wood, B.Sc., A.R C.Sc., read a paper 
on “ The Vapour Pressure of Concentrated Sugar Solu- 
tions,” (This paper will be inserted in full). 

A paper by Mr. F. J, Harlow, B.Sc.. A.R C.Sc., and 
Mr. R. S. Willows, M.A., D.Sc., on “ A Simple Method 
of Deriving the Gibbs Adsorption Formula ” was read by 
Mr. Harlow. 

The usual method of deriving the Gibbs adsorption 
formula involves the use of chemical potential. As 
students And a difficulty in understanding this, a simple 
method of obtaining the formula is given which involves 
only elementary thermodynamics. 

Mr. F. H. Campbell, M.Sc. (Melbourne), communicated 
a paper entitled u Tke Vapour Pressures and Specific 
Volumes of Binary Mixtures of Volatile with Non-volatile 
Liquids.” (This paper will be inserted in full). 
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Mr. R. H. Callow (Liverpool) communicated a paper 
on “ Reaction Velocity in Viscous Media.” 

The reaction considered was the hydrolysis of methyl 
acetate in gelatin water mixtures by NaOH and HC 1 . 
Conductivity experiments on the alkaline hydrolysis failed 
to give satisfactory results owing to the hydrolysis of the 
Na salt of gelatin. The acid hydrolysis gave a series of 
velocity constants which showed a diminution as the 
gelatin concentration increased. The change in the 
velocity constant was small compared with the change in 
the viscosity ; e.g. t the velocity constant for the reaction 
proceeding in a set jelly was only about 10 per cent less 
than that in the case where no gelatin was present. The 
curves showing the relation between the velocity constant 
and the viscosity and fluidity of the mixtures do not appear 
to obey any simple relation. The fall in the velocity 
constant is supposed to Be due partly to the neutralisation 
of the HC 1 by the gelatin, and partly to the viscosity. 
The author suggests that the effect of the viscosity is given 
either by a reciprocal relation such as ij(K-c) *- const., 
where c is a constant, or by an exponential function. 

Mr. K. C. Browning, M.\., and Mr. C. T. Symons, 
B.A. (Ceylon), sent in a description of ‘M Convenient 
Thermostat tor Accurate Specific Gravity Determinations 
and a Gas Pressure Regulator” (This paper will be 
inserted in full). 

Mr. £. J. Hartung, B.Sc. (Melbourne), communicated 
a paper on u A New Method for Determining the Specific 
Heats of Liquids (This paper will be inserted in full). 


Mr. J. S. Anderson, M.A., B.Sc., Ph.D. (Birmingham), 
contributed a paper on “Art Electro-magnetic Vacuum 
Balance ” 

The balance was designed to allow of weighings being 
carried out in vaeuo . The principle involved is that of 
the well-known Kelvin balance for 44 weighing ” electrical 
currents. One of the scale-pans of an ordinary balance 
is replaced by a circular coil of wire which is movable 
between two larger fixed coils of wire, the three coils having 
a common vertical axis. The coils are so connected that, 
when a current of electricity is passed through them in 
series, the movable eoil is attracted by the lower, and 
repelled by the upper, fixed coil. These attractive and 
repulsive forces, which may be increased or decreased by 
varying the electrical current, are made use of to counter- 
balance the action of gravity on the substance to be 
weighed in the scale-pan hanging from the other end of the 
balance-beam. Should the weight of the substance vary 
from time to time, the variations in weight can be deter- 
mined by altering the current through the coils until 
equality of the forces acting on the two ends of the 
balance-beam is obtained. The balance must first, of 
course, be calibrated. 

The base of the balance is fixed to a glass plate over 
which a bell-jar is placed, thus allowing of the apparatus 
being evacuated. Two terminals, which serve for leading 
in the current for the coils, pass through the glass plate. ^ 

The arrestment is controlled by an electro- magnetic 
device operated from outside the balance. Attached to a 
lever at the back of the balance are two iron rods which 
can move freely in a vertical direction inside two solenoids. 
When an electrical current is passed through one solenoid 
the balance-beam is released ; when passed through the 
other solenoid, the beam is fixed. As soon as the beam is 
either released or fixed, the current may be switched oft 
without altering the position of the beam. 

A difference in weight of 035 to 07 mgrm. could easily 
be detected when use was made of an ampere-meter which 
was not very sensitive. The balance is specially suited 
for measuring changes in the weights of substances in 
vacuo . Measurements were made of the velocity of 
absorption of water-vapour by silicic acid gels. 

Mr. E. B. R. Prideaux, M.A., D.Sc. (Nottingham), 
sent in a 44 Note on the Neutralisation Curve of Boric 


Acid” 


c K*. 

The hydrion concentrations of boric acid at variop 


degrees of neutralisation may be calculated with one dis- 
sociation constant. If that of Walker K» 17x10-9 is 
used, the calculated acidities over the greater part of the 
curve are too high as compared with the experimental 
values of Sorensen. A modified dissociation constant 
K=4*5 Xio“*o derived from these values gives a good 
agreement, except that the acidity is too low at the 
acid end. 

These differences are accounted for by the formation of 
complexes in solution. 

Mr. Norman Murray Bell (St. Andrews), contributed 
a paper 44 On the Anodic Solution of Lead.” (This paper 
will be inserted in full). 

Mr. F. C. Thompson, M.Met., B.Sc. (Sheffield), com- 
municated a paper on 44 The Elastic Strength of Metals” 

In a normal pure metal the inter- crystalline boundaries 
are by far the strongest part of the whole. This rather 
unexpected fact has recently been explained by assuming 
that a hard vitreous modification of the metal exists 
between the crystal grains, the strength of which 41 cement” 
is sufficiently great to stiffen up the whole mass. This 
explanation, however, necessitates the assumption of a 
tensile strength for the cement of an almost impossible 
order. 

On the assumption that surface tension effects are to be 
expected in the tl glassy” films, an expression for the 
elastic limit of a pure metal is derived. 

If— 

E is the E.L. in dynes per sq. cm., 
n is the number of crystals per cm., 

T is the surface tension of the films, and 
d is their thickness, 

E “ i ‘ 5 “t ('•)• 


The equation agrees well with recent work on the yield- 
point in metals and on their mechanical properties at high 
temperatures. 

Bars of pure lead, tin, zinc, antimony, silver, copper, 
iron, and nickel were used to test the relationship, the 
iron being used in five different conditions. 

Although this equation governs the elastic limits of 
metals, the maximum stress and Brinell hardness are 
dependent on other terms, chiefly the 44 intrinsic pressure,” 
with the result that alterations may he made in the elastic 
limit of a material without appreciable effect on its 
hardness. 

The electrical resistance of a normal metal p is shown 
by measurements of the samples of treated iron to be the 
sum of the resistance of the crystalline material p x , and an 
added resistance due to the crystalline junctions, so that 
if n is the number of the latter per cm,, and R their 
resistance — 


P *■ pi-f»R 

Thus from (i.) and (ii.)— 

= i* 5 j p-px 

E R 


. . . (SI.). 


(iii.), 


which allows d, the thickness of the film of under-cooled 
metal between the crystals, to be calculated. 

Results are obtained for a pure iron, and discussed in 
their bearing on the theories of the origin of the films. 

Mr. Leslie Aitchison, M.Met. (Sheffield), sent in a 
paper entitled 44 Experiments on the Influence of Composi- 
tion upon the Corrosion of Steel.” 

The work embodied in this paper has been performed 
upon a series of some sixty steels, comprising (i.) plain 
carbon steels, (ii.) steels containing a constant proportion 
of carbon and varying proportions of tungsten, chromium, 
cobalt, or vanadium, (iii.) steels with constant proportions 
of tungsten, chromium, vanadium, manganese, or nickel, 
and (iv.) some steels containing copper. The attacks 
recorded are those of (i.) 3 per cent sodium chloride, (ii.) 
zo per cent sulphuric acid, and (iii.) z per cent sulphuric 
acid. The work shows that in the case of the pure carbon 
steels an increase of the carbon produced at first a fall of 
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the corrosion , and then a rise to a well-marked maximum 
at o'g per cent of carbon. The addition of varying pro- 
portions of tungsten to a series of steels containing about 
o a 7 per cent of carbon has produced a definite increase of 
the corrosion throughout. Varying percentages of cobalt 
added to a similar series have produced an increase of the 
corrosion with the presence of smaller quantities of cobalt, 
and in all cases a gradual fall of corrosion with a rise of 
cobalt. In the two acid solutions the higher proportions 
have produced a corrodibility less than that for the corre- 
sponding pure carbon steel. The presence of vanadium in 
varying proportions has resulted in a definite increase of 
the corrodibility. The addition of chromium produces an 
increase of the corrosion up to 5 per cent, then a remark- 
able fall to a material containing 19 per cent of chromium, 
which is quite non-corrodible in brine, and almost so in 
z per cent sulphuric acid, but which is highly corrodible in 
xo per cent acid. 

In the third series the percentages of the third elements 
present are fairly low, and the addition in all five cases 
has produced an increased corrosion in brine. In the 
x per cent acid, tungsten and nickel have (in general) pro- 
duced a decrease, whilst vanadium and manganese show a 
tendency to produce an increase of the the corrosion. In 
the xo per cent acid, tungsten and nickel generally produce 
a decrease, whilst chromium, manganese, and vanadium 
show a distinct increase. The steels containing copper 
show an increased corrosion in brine and x per cent acid, 
but a decreased corrosion in xo per cent acid, after the 
copper has risen above x per cent. 

In general, it is suggested fairly strongly that anything 
tending to the production of finer pearlite in steels, but 
which does not produce a mixture of carbide and solid 
solution (as distinct from a eutectic), causes an increase in 
the corrosion of the material. The relation of the pre- 
sence of carbides to the corrosion is also discussed. 
Further conclusions to be drawn from the work are post- 
poned until other experiments on the question have been 
published, these being promised for the near future. 

The discussion on this paper was postponed until the 
autumn, when a general discussion will be held on “ The 
Corrosion of Metals— Ferrous and Non-ferrous,'* 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Meeting , June 2, 1915. 

Mr. A. Chaston Chapman, President, in the Chair. 

Messrs. Edward Theodore Brewis, William McDonnell 
Mackey, andPercival John Fryer were elected members of 
the Society. 

Certificates were read for the first time in favour of 
Messrs. Eric Keightley Rideal and Arthur Sidney Carlos. 

The following papers were read : — 

" The Composition of Dutch Cheese , and the System of 
Cheese Control in the Netherlands .” By J. J. L. Van 
Ryn, Ph.D. 

A review is given on the result of the analyses of a great 
number of cheeses made under control, proving that full- 
cream Dutch cheese does not contain less man 45 per 
cent of fat in the dry substance, and showing the relation- 
ship between fat in milk and fat in cheese. 

“ Estimation of Starch in Cocoa hy the use oj Taka- 
diastase .** By Cecil Revis and H. R. Burnett. 

The authors show that the only accurate method . of 
estimating starch in cocoa is by the use of takd-diastase. 
All other methods show an apparent percentage of starch 
in cocoa-shell, which does not actually exist. 

The use of taka-diastase shows it to he free from starch. 

A quick and easy method for clearing the solution for 
polarimetric work is described. 

“ The Volumetric Estimation of Ferrocyanides” By 
Bbrtram Campbell, B.Sc., A*LC, 


Chemical Hews 
June xi, 1915 

A method is described which depends upon the destruc- 
tion of the ferrocyanogen complex by sulphuric acid and 
the subsequent estimation of the iron volumetrically by 
potassium permanganate. It is specially applicable for the 
evaluation of the degree of purity of ferrocyanides which 
are known to contain iron in no other form. 

u Corean Beeswax By Sbiichi Ueno. 

The author points out that beeswax was produced in 
Corea in considerable quantities at a comparatively early 
period. Statistics are given of the quantities produced in 
various provinces during the year igi2. 

A table of analytical constants is given for samples of 
pure Corean beeswax which were exhibited at the Taisho 
Exhibition at Tokyo last year. 

The determination of the acid and saponification values 
was made by Bohrisb and Kurschei’s modified process 
(Pharm, Zentralh, t 19x0, xxv,, 20). 

The result showed that the characteristics of Corean 
and Japanese beeswaxes are similar to each other, and 
that they also resemble certain Indian beeswaxes, referred 
to in Lewkowitch’s “Oils, Fats, and Waxes’* (19x4, fifth 
ed., ii). The Oriental beeswaxes, secreted by the three 
species of bees mentioned in the paper, are different in 
their character from European and American beeswaxes, 
which are secreted by Apis mellifica , L. 

“ Note on the Detection of Beta-Naphthol in Disinfect- 
ants.* By R. Bodmer, F.I.C. 

Richmond (Analyst, 1907, xxxii., 151) recommends a 
diazotised benzidine solution for the detection of / 3 -naphthol 
in milk. The author has tried this test on lysol and 
similar cresylic acid preparations. A x per cent solution 
of lysol, free from 0-naphthol, gives, with a few drops 
of the benzidine reagent, an orange colouration. On 
adding as little as 0-2 per cent of d-naphthol to the Bame 
lysol and taking a 1 per cent solution a distinct ruby red 
colouration is produced (easily distinguishable from the 
orange solution of the pure lysol) on the addition of a 
few drops of the benzidine solution. 

A diazotised solution of phenylhydrazine was also tried, 
but the reaction was not so sensitive as with the benzidine 
reagent. 

J. Katayma and B. Ikeda (Analyst, 1915, xl., 164) 
recommend a very weak solucion of sodium nitrite to be 
added to the solution of jtf~naphthol with sulphuric acid, a 
purple colour being formed. This test does not answer 
satisfactorily in the presence of cresylic acid. Separation 
of jS-naphthol from cresylic acid by fractional distillation 
or otherwise is extremely difficult. 


j The Biochemical Society.— -A meeting of this Society 
will be held at the Rothamsted Experimental Station, 
Harpenden, Herts, on Saturday, June X2, 1915. The 
Director and staff of the Experimental Station will show 
members round the various plots during the morning and 
the afternoon. There will be an interval for a light 
luncheon during the visit to the fields, and tea will be in 
the Laboratory about 4.30 p.m. Communications will be 
made as follows 

W. E. Brenchley. — Effect of the Concentration of 
Nutrient Solutions upon the Growth of Plants in 
Water Culture. 

W. A. Davis.— Periodic Variation of the Sugars in the 
Foliage Leaves of Plants during the Day and Night. 
W. A. Davis and G. C. Sawyer. — Variation of the Starch 
Content of the Potato Leaf during Day and Night 
and its Relation to the Sugars present. 

E. H. Richards.— Loss of Nitrogen during the Bacterial 
Decomposition of the Nitrogen Compounds of Animal 
Excretions. 

A. Appleyard.— The CO2/O2 Ratio in Soil Oxidations. 

W. Weir. — Effect of Soluble Humus on Plant Growth. 

E. Horton. Methods for the Extraction of Organic Com- 
pounds from Soil. 

J. Prescott and E. J. Russell.— Reaction between Soil 
Phosphates and pilute Acids, 


Detection of Beta-nophthol in Disinfectants. { 
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NOTICES_OF BOOKS. 

X-Rays and Crystal Structure * By W. H. Bragg, M.A., 

D.Sc., F.R.S., and W. L. Bragg, B.A. London: G. 

Bell and Sons, Ltd. 1915. 

It is remarkable that two branches of science so widely 
separated as crystallography and radiology should become 
unexpectedly linked together to their mutual advance- 
ment. The suggestion by Or. Laue, of Zurich, followed 
as it immediately was by the practical demonstration of 
its accuracy by Friedrich and Knipping, has, in fact, con- 
stituted one ot the greatest advances that has been made 
within the last few years in either of the sciences. 

In the hands of Prof. Bragg and his son, W. L. 
Bragg, the new knowledge has given rise to an investi- 
gation which has thrown a flood of light both upon the 
mechanics of crystal structure and upon the nature of 
X-rays. In crystallography the somewhat obscure though 
quite legitimate theories of lattice spacing has been 
demonstrated photographically in a remarkable manner ; 
the two photographs reproduced in the introduction 
(Plate I.) showing the patterns produced by the diffraction 
of an X-ray beam after passing through plates of nickel 
sulphate and of beryl, carry more conviction to the mind 
as to the beautiful symmetry of crystal structure than 
would many pages of intricate calculations. The object 
of the authors has been to set out clearly and briefly the 
facts and principles relating to X-rays and crystals, and to 
follow this with a detailed account of their experimental 
work upon the subject; this latter section occupies the 
larger portion of the book. 

The principal gain of the authors 7 researches appears to 
lie in their striking confirmation of the conclusions 
reached by many physicists, that X-rays are electro- 
magnetic disturbances of the same nature as light, heat, 
ana electricity, their novel properties resulting solely from 
their almost incredibly short wave-length. 

Using tubes provided with suitable anti-cathodes the 
authors have produced beams of homogeneous X-rays, and 
have been able to measure their wave-length with an 
accuracy comparable to the spectroscopic analysis of 
luminous radiations. 

It is found that the most usual forms of X-rays, “ hard 
and soft ” rays, have wave-lengths that fall between 0*5 
and x*5 Angstrom units. 

To note briefly the contents of the book which is 
intended as an introduction to the study of this interesting 
subject. 

The first chapter gives an exposition of the theory 
of the ruled grating as applied to the analysis of 
ordinary light; this is followed by a description of the 
ingenious u X-ray spectrometer, 1 ’ devised and constructed 
by the authors for carrying out their investigations ; then 
follow chapters in which the known properties of X-rays 
and of crystal structure are discussed. In Chapter VI. 
we come to the important subject^of X-ray spectra ; full use 
is made of the researches of Whiddington, Moseley, and 
others, and some remarkable spectrum diagrams of the 
X-ray bands of rhodium are shown. 

The authors then turn to the analysis of crystal structure 
as developed by the aid of X radiation, and nearly one 
hundred pages are devoted to its elaboration ; the section 
will be found of deep interest to crystallographers, and 
illustrates very clearly the great advance that has been 
made. 

Chapter XI., “The Intensity of X-ray Reflection”: 
Prof. Bragg in his preface gives the credit of the work in 
this section to his son, Mr. W. L. Bragg. Using the homo- 
geneous beams produced by anti-cathodes of platinum, 
osmium, and rhodium, much valuable data has been 
obtained, but it is indicated that the work is only at its 
commencement. It is much to be regretted that the present 
upheaval of society has necessitated the cessation of the 
work on the part of Mr. W. L. Bragg, who is at present 
engaged upon quite other duties ; we sincerely hope that 
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this abnormal condition of things will not be of long 
duration, and that this brilliant young physicist will soon 
be able to continue the work so well begun. 

The final chapter is devoted to the analysis of the Laue 
photographs, and the researches and theories detailed in 
the early part of the book are brought to a focus in the 
interpretation of the beautifully symmetrical patterns pro- 
duced by the diffraction of X-rays through various crystals 
and a review of the results gained by other workers in the 
same field. 

There is a short appendix containing some supplementary 
notes that will be of value to future workers in this 
interesting branch of physics. 

The authors’ object has been to give a simple and brief 
introduction to this new field of activity, and they have 
done so in a manner that adds charm to an already 
fascinating subject. 


Science and Industrial Problems . By Prof. Arthur W. 

Crossley, D.Sc., F.R.S., For.Sec.C.S. 

In this lecture, which was delivered at the Royal Institu- 
tion in February of this year, Prof. Crossley took as his 
theme the statement that “ pure scientific research work, 
carried out in the laboratory, is the soul of industrial 
prosperity,” and illustrated it by well-chosen examples 
from practical results recently obtained by the application 
of organised research to industrial problems. His explana- 
tions were clearly expressed in not unduly technical 
language, and the emphasis laid upon the need for the 
organisation of the efforts of physicist, chemist, and 
engineer is fully justified. The three problems chosen for 
discussion were the oxidation of the nitrogen of the air, 
hardening of fats by catalytic hydrogenation, and the pre- 
paration of different coloured derivatives of anthraquinone* 
and in each case the method of attacking the problem and 
the results obtained were described in some detail. In 
connection with the first problem — the utilisation of 
atmospheric nitrogen-— it may be pointed out that Prof. 
Crossley is in error in stating that Lord Rayleigh in 1897 
was the first to demonstrate the possibility of forming 
nitric acid by direct union by the agency of the electric 
spark. In 1899 Sir William Crookes had shown that the 
electric arc can be employed to make nitrogen burn in air 
with a powerful flame, and the suggestion mat the power 
of water-falls could be used to effect the union upon a 
commercially successful scale came from the same 
source. 


OBITUARY. 


Sir A. H. CHURCH, K.C.V.O., F.R.S., M.A., D.Sc., 
F.S.A. (sometime Professor of Chemistry in the 
Royal Academy of Arts in London). 

The news of the death of Sir Arthur Herbert Church, 
which occurred on Monday, May 31, at his residence at 
Kew Gardens, will cause deep regret to his many friends. 

Sir Arthur Church was horn on June 2, 1834, in London, 
and was educated at King’s College, London, the Royal 
College of Chemistry, and Lincoln College, Oxford, where 
he took a first-class in the School of Natural Science. 
For sixteen years, from 1863 to 1879, he was Professor of 
Chemistry at the Royal Agricultural College, Cirencester, 
and was subsequently appointed Professor of Chemistry to 
the Royal Academy of Arts. He was also Lecturer in 
Organic Chemistry at the College of Engineering at 
Cooper’s Hill. He was keenly interested in many branches 
of chemistry, and his publications covered an unusually 
wide range of subjects. In his early days he made a 
special study of agricultural chemistry, and wrote articles 
dealing with the analysis of plants and vegetable products, 


The late Sir A. H. Church. 
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potato disease* and the chemistry of vegetable albinism ; 
he was the discoverer of the reddish violet amorphous 
pigment turacin, which is found in the feathers of birds* 
and he showed that it contains about 7 per cent of copper. 
He demonstrated the occurrence of aluminium in certain 
vascular cryptogams* and investigated the properties of 
chlorophyll and of colem or erythrophyll. He was* more 
over, responsible for a great number of important contri- 
butions to mineralogical chemistry, and studied the com- 
position of manjr minerals* including* among others* 
autunite, atacamite* chalybite* zircons* and churchite* a 
British cerium phosphate which he discovered. He had 
a thorough knowledge of the minerals of Cornwall* and was 
the possessor of an excellent collection of precious stones. 
In collaboration with Sir William Crookes he published, in 
1864, an important paper on thallium iron alum. His 
lectures at the Royal Academy on the chemistry of paints 
and painting contained much original matter* and went 
over ground which had never been adequately covered 
before. 

His remarkable versatility may be seen from the titles 
of the many books of which he was the author ; these in- 
variably met with a high degree of success and ran 
through many editions. Thus, the ninth edition of his 
“ Laboratory Guide*” a manual of practical chemistry for 
agricultural students in colleges and schools, was pub- 
lished in 1912, and the fourth edition of the “ Chemistry of 
Paints and Painting” has recently been noticed in the 
columns of the Chemical News. Several editions of his 
books on precious stones* English earthenware, and 
English porcelain have also been published. He edited 
and revised Prof. Johnson’s “ Chemistry of Common Life,” 
adding greatly to the value of an already much appreciated 
book* and he also wrote a treatise on the food grains of 
India, and a manual of colour. 

Sir Arthur Church held the degrees of M.A. and D.Sc. 
(Oxon) ; he was elected a Fellow of the Royal Society in 
1888, and served on the Council from 191X to 19x2. For 
three years he was the President of the Mineralogical 
Society. His artistic tastes were strongly developed, and 
he had been an exhibitor at the Royal Academy. He was 
a man of unique knowledge, and was one of the greatest 
authorities upon the chemistry of paints. His death is a 
great loss to the scientific world. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES, 

Mote.— All degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances de l' Academic 
des Sciences . Vol. clx. No. 17, April 26, 1915. 
Action of Sodamide on Allyldialkylacetophenones. 
Preparation of 3.5-Diraethyl-3-ethyl and 3.3-Diethyl - 
5-methylpyrrolidones. — A. Haller and Edouard Bauer. 
— The action of sodamide upon aliylmethylethylaceto- 
phenone and allyldiethylacetophenone is similar to that 
upon their lower homologue, the corresponding disub- 
stituted methylpyrrolidones being formed. This con- 
densation appears to be a general reaction for allyltrialkyl- 
acetophenones, and is probably generally applicable to all 
ketonic compounds in which there is a double bond in the 
7-position with regard to the ketone function. 

Vol. clx., No. x8* May 3, 19x5. 
Determination of y from the Velocity of Sound.— 
A. Leduc.— 1 The author has worked out the values of 7 (the 
ratio of the two specific heats) for v arious gas es and 

vapours, using the formula V w ^ ere 

V is the velocity of sound. The results obtained are by 
by no means good, partly owing to the difficulty of 
obtaining the vapours in the pure state. 


Bulletin de la Society Chimlque de France . 

Vol. xvii.-xviii*, No. 5, 1915. 

Action of Halogens upon Mercuric Sulphate. -M. 
Chateau.— When iodine acts upon mercuric sulphate in 
presence of water a crystalline product is obtained* which 
on analysis gives results which closely agree with those of 
Bruckner’s complex salt, 6(3Hg0.2S03).6HgI 2 .HgI^06. 
The author believes, however* that this product is not a 
single salt but the result of the equilibrium of three salts, 
dimercuric sulphate 6SC>4Hg.HgO, mercury iodosulphate 
6S0 4 Hg.Hgl2* and mercury todate IaCtaHg. When 
bromine or chlorine acts on mercuric sulphate the products 
are the bromide or chloride of mercury respectively. 

" miscellaneous! — " 

Royal Society.— In addition to the meeting of the 
Society previously announced for June xo* that for June 24 
will not be held. 

Royal Institution. —A General Meeting of the Members 
of the Royal Institution was held on the 7th inst.* Sir 
James Crichton-Browne, Treasurer and Vice-President, in 
the Chair. Lieut.-Col. A. G. Hadcock was elected a 
Member. The Secretary annonneed the decease of Sir 
Arthur H. Church, K.C.V.O., F.R.S., and Hugo W. 
Muller* Ph.D.* D.Sc., F.R.S.* Members of the Royal 
Institution, and Resolutions of Condolence with the 
relatives were passed. 

“Neptune.” — The Anglo-Belgian paper Neptune 
is a weekly journal giving shipping* motor-shipping* 
industrial* commercial, and financial news, and is printed 
partly in French and partly in English. It provides a 
useful advertising medium, and should do good work in 
helping to rebuild Belgium’s trade and industries when the 
time comes. The Business Manager, Mr. E. V. Questier, 
Bank Chambers, 32g, High Holborn, W.C., will he 
pleased to send Neptune free of charge for a month to 
any reader of the Chemical News who mentions the 
latter in his application. 

NOTES AND_ QUERIES. 

V Our Notes and Quenescolumn was opined for the purpose of giving 
and obtaining information hkely to be of use to our readers generally. 
We cannot underuke to let this column be the means of transmitting 
merely private mfoimation.or such tr tde notices as should legitimately 
come in the advertisement columns. 

Chromic Acid.— I shall esteem it a great favour if I can be in- 
formed where I can obtain chemically pure chromic acid. I would 
prefer dealing direct with the manufacturer, os the quantities I want 
would warrant it.— -A. McSwinly. 

MEETINGS FORJTHE WEEK. 

Thursday, xjrth.— Royal Society. “ Analyses of Agricultural Yield- 
Fort II., The Sowmg-date Experiment with 
Egyptian Cotton, 1913,' " by W. L. Balls and F. $. 
Holton. “ Soil Protozoa and Soil Bacteria," by 
E. J. RuBsell. "The Enhanced Series of Lines 
in Spectra of the Alkaline Earths," by W. M. 
Hicks "Certain Linear Differential Equations 
of Astronomical Interest," by H, P. Baker. "The 
Partial Correlation Ratio," by K. Pearson. 
“ Effect of Temperature on the Hissing of Water 
when Flowing through a Constricted Tube," by 
S. Skinner and F. Entwistle. 

Chemical, 8.30. “Rotatory Dispersive Power of 

Organic Compounds— Part VIII., Tartaric Acid 
and the Tartrates,” by T. M. Lowry and P. C. 
Austin. “ Study in the Coumarm Condensation," 
by B. B. Dey. “ Formation of Heterocyclic Com- 
pounds from Hydroxymethylene Ketones and 
Cyanoacetamide," by H. K. Sen-Gupta. “ Nitro- 
camphor and its Derivatives— Part VIII. , Action 
of Pormaraide on Nitrocamphor," by T. M. 
Lowry and V. Steele, " Reactivity of the Halo- 
gens in Organic Compounds— Part VIII , Inter- 
action of Alkalis and Alkali Bromoacetatea and 
Bromopropionates in Methyl Alcohol Solution 
and in Mixtures oi Methyl Alcohol and Water," 
by G. Senter and H. Wood. “Properties of Cold- 
worked Metals— Part II.* Methods of Measuring 
Small Changes of Density produced by An* 
nealing,” by T, M. Lowry and R, G. Parker. 


Ciuaoii Niwi 1 
Jun* ig, 29x5 f 


Notes on Plant Chemistry, 


289 


THE CHEMICAL NEWS. 


Vol. CXI., No. 3899 




NOTES ON PLANT CHEMISTRY. 

By P, Q. KEEGAN, LL.D. 

It might be instructive and interesting if the chemical 
analyses of a few familiar plants were presented, the 
results of which, when duly considered, would lead to 
a closer understanding of the physiological processes of 
which these plants are the seat. There is no doubt that 
the anatomical structure and the mode of life of plants 
as well as their habitat react seriously on their chemical 
energy and productiveness. In some plants the stem 
(supporting organ) maybe practically absent, others may be 
water-plant*, or may grow and propagate satisfactorily only 
on dry sandy soils tree from strong nutritive solutions, and 
there are others still that deposit a great amount of 
excreta, or exhibit a curious carnosity or a blatant and 
blowzy habit, the result of the influence of the environ- 
ment, &c. According to Rochleder, “ the relationship of 
plants is determined by compounds of the same chemical 
nature which they contain.” This statement seems true 
qualitatively, as it were, but not quantitatively, as many 
plants produce tannin, for instance, which are near allies 
of plants which are free of it, the difference depending 
upon the rate of growth, the height and dimensions of the 

S lant, the number and needs of the branches, leaves, 
owers, and fruits, the greater or lesser sensitiveness of 
the protoplasm to the influences of the environment, &c. 

Bracken (PUridtum aqutlinum ). —Best of all on half- 
shaded places strewn with fallen leaves on sandy soils this 
plumy fern flourishes with all the luxuriance incident to 
the vigorous development of the leaves in contrast to the 
stumpy almost imperceptible stem. The root (rhizome) is 
deeply sunk in the soil, and it is clothed only sparsely 
with hairs, which, however, manage to extract and 
elaborate certain mineral matters thereof, even though 
existing in quite small quantity. The fertile leaf (frond) 
is similar to an ordinary leaf in formation and nervation, 
but is distinguished by its stronger lignification, the reduc- 
tion of its parenchyma, the very large air-cavities, the 
leathery consistence, and the continuous terminal growth. 
The chemistry thereof also differs, as the following 
analysis of the pinnae taken at the end of July indicates. 
The benzene extract of the dry matter amounted to 2 per 
cent, and consisted mostly of wax, with very little carotin, 
and no fat-oil apparently. A subsequent extract with 
alcohol yielded about 3 per cent of an iron-greening, 
phlobaphenic, catechol tannin (tannoid is present only m 
the young frond), and a good deal of cane-sugar or levulose, 
In addition to these there was much pectosic mucilage 
and some free phlobaphene ; a large quantity of reserve 
starch and a good deal of oxalate of calcium were 
yielded to hot dilute HC1 ; the residue (crude fibre) was 
about 43 per cent of the original dried leaf. The ash of 
the whole dried frond was 4 per cent, and yielded 30*4 per 
cent soluble salts, 17*3 silica, 19*3 CaO, 9 2 MgO, 10 P2O5, 
5 <9 SO3, 9*4 Cl, and very little Mn or carbonates. The 
entire overground parts of the plant at said date contained 
15 per cent proteids. There was some nitrate in the 
fronds, and although this fern flourishes vigorously on 
soils copiously supplied with symbiotic fungi, none of 
these are found attached to its roots. The special 
chemical feature of ferns which distinguishes them from 
the lower plants is the presence of abundant lignin in 
their tissues, which Is connected with a very efficient 


process of assimilation. In the first place cellulose is 
produced by the protoplasm as a permanent structure 
which is never resorbed like starch, and hence it 
possesses the property of dehydrating, or drying to a 
certain extent. Hence, also, it becomes capable of 
absorbing into its molecular and chemical structure a 
number of colloid constituents collectively known as 
lignine, which are products of deassimilation for which the 
cellulose has a very special affinity ; m addition thereto 
various mineral matters, lime and silica especially, are also 
attracted by the dehydration and lend additional support 
to the framework of the cell wall. The tissues of algse, 
fungi, lichens, and mosses never produce lignine, pre- 
sumably because their cell walls decompose into pectin, 
or form chitin probably by hydration, or the sap which 
bathes them is free from adsorbing colloids. Very 
vigorous when young the vitality of the bracken rapidly 
wanes; the protoplasm rapidly discharges its chemical 
activity, the proteids solubilise and dimmish (only 4*4 
per cent in autumn), the external tissues dry up, and 
silica creeps therein extensively (the ash has now 53 per 
cent S1O2), and about October x its rich greenery has 
passed to bright yellow at the foot of the mountains, 
melting gradually through orange to a dark rosset-biowo 
towards the high windy and rocky summits. 

Pink Campton (Lychnis diotca ). — This plant flourishes 
on cold clay m woods, damp hedge-banks, and on stream- 
side rocks. The leafy shoots and the erect fertde steins 
proceed from the root system itself, and are not highly 
differentiated, only the pericycle of the stem being very 
developed and hgmfied. On June 21 the dried leaves 
yielded 2 per cent carotin and wax ; the alcoholic extract 
contained no tannoid, tannin, or sugar, but only a kind of 
saponin not precipitated by acetate of lead or baryta 
water, and seemingly similar in reaction to the aciliam of 
squill; further treatment yielded considerable mucilage 
and nitrate, much reserve starch, and oxalate of calcium 
(localised especially in the cells immediately below the 
palisade tissue). The ash of the dry leaf amounted to 
i6’6 per cent, and contained 507 per cent soluble salts, 

4 3 silica, 17 lime, 5-2 magnesia, 3*8 Pa 0 3 , 2 5 S 0 3 , and 
6 Cl ; there was very little manganese, and the carbonates 
were nearly all soluble. There was much chlorophyll, 
although true chloroplaBts are very scanty ; in fact, this 
plant is a powerful producer of starch, carotin, chloro- 
phyll, and oxalate of oalcium which is deposited m all the 
organs. Later on, on August 19, an aqueous extract of 
the overground parts of the plant contained considerable 
nitrate and much cane-sugar ; there were evidences of a 
tannin which reacted like caffetanmn, and also of a 
phloroglucide, both in small quantity ; s >me decomposi- 
tion products appearing of a saponin quinonic character 
seemed to be predominant, probably arising from the 
oxidation of a tannoid. According to Russel this plant 
has glucosides only m its young shoots near the vegetative 
tip, and only traces thereof in the old stem ; a fact which 
indicates decomposition with production of saponin or 
alkaloid, possibly choline in this case. A very notable 
feature of the plant is the brilliant conspicuity of its 
fl awers, the calyx being a deep dull red or reddish purple, 
while the corolla is deep uniform purplish rose. It is 
observed that most of the leaves are collected near the 
roots, only a very few small sessile leaves appear on the 
long stem, and the uppermost of these is not near the 
flowers. Hence, therefore, it is natural that the nitrogen 
required by the reproductive organs at the flowering and 
fruiting periods should be obtained to a great extent from 
the corolla as well as from the leaveB, which latter cannot 
alone afford enough of that indispensable element. The 
drain on the corolla induces a special activity of deassimila- 
tion therein, and in this way we account for the eminent 
power of colour possessed by corollas in plants which, like 
the campion, produce a vast quantity of acid and very 
little tannin. The fact also that in this case the calyx is 
also tinted red shows that in an organ, which in most 
other eases is green and acsimilatory, a special activity of 
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deassimilation is occasionally a physiological necessity. 
In many plants the stem or the leat also participates in 
the display of pigmentation in places normally green or 
brown, and for a precisely similar reason. In fact, where- 
ever in the organs of a plant the phenomena of heightened 
vitality occur from natural or artificial causes, there is a 
rush of nitrogen to the part affected with an increased 
intensity of respiration, and hence therefore a high level 
of deassimilation in other parts or organs, leading to the 
production of coloured pigments in lieu of the ordinary 
colourless tannins. 

St .John's Wort (Hypericum perforatum).— The analysis 
of this plant is well worthy of being presented, inasmuch 
as its anatomical structure and certain of its organic 
constituents indicate very clearly that it is not to the 
manner born here, and that it hales rather from nearer the 
tropics as its native seat and origin. Its stem is highly 
differentiated, and is of three kinds according as it arises 
from seeds, root-buds, or the base of old stems. On 
August 5 the dried overground parts yielded to boiling 
benzene x'2 per cent of mostly wax with a little carotin 
and fat oil ; the alcoholic extract contained much fiavone 
yielding fine orange lakes with A 1 and Sn salts, and 
alkaline earths, a fine yellow compound with HOI, and 
seemed to be similar to the gossypetin of the Malvaceae; 
there was also a little phlobaphenic catechol tannin with ] 
reactions similar to tea tannin, and much resin. There 
was no nitrate, reserve starch, or oxalate of calcium; 
hence this plant is nourished partly by mycorhiza (root- 
fungi), tbe root system is faintly developed, and its 
nitrogen is got from organic compounds m stations poor 
in nutriment Balts. The rigidity of the stems is due to a 
high percentage of dry matter, and hence the mucilage is 
mostly extracted by dilute soda and not by hot water 
alone. According to D’Arbaumont the chlorophyll of 
the leaf occutB in detached flakes and not in true 
chloroplasts, and there is no starch therein between April 
and September. The ash yielded 38*1 per cent soluble 
salts, 7*9 silica and sand, 25*2 lime, 7*4 magnesia, xa*x 
P a C>5, 6*5 SO3, 5*5 Cl, with a good deal of iron and man- 
ganese, but very little CO a - The chemistry of this plant 
indicates that it is a lover of dry air, which tends to 
increase the secretory canals and secretions. Assimila- 
tion is not intense, and deassimilation does not work up 
acids, but only copious quantities of resin, tannin, pig- 
ment, and volatile oil. The peculiarity seems to be that 
this plant seems to find within its internal anatomy, 
as it were, sufficient room for the accommodation of its 
excreta. The numerous secretory sacs in the leaf blade 
which appear as so many black or pellucid holes or dots 
do not reach the epidermises, they only occupy nearly all 
the space between them. There is, however, a careful 
isolation of these receptacles from the general thin-walled 
cavity where the gases and vapours incident to the vital 
processes circulate before reaching the stomata. 

Water Lily ( Nymphaa alba ).— This plant is specially 
interesting owing to the circumstance that its chemistry is 
intimately connected with its anatomy and physiology. 
Slow rivers, lakes, and dear ditches are its habitats on a 
peaty bottom; i.e ., a soil with much nitrogen which is a 
kind of protein and acid ulmin (not humus) deficient in 
mineral plant food, and bad for the supply of air and 
nitrate. A special feature of the anatomy is tbe com- 
paratively small development of the body of the plant, 
there being no stem, only a thick fleshy rhizome which 
emits a great number of long spongy roots, a rapid succes- 
sion of petioles, and a certain number of floral peduncles ; 
all these are provided with vascular bundles which are 
remarkable for the extreme reduction of their xylem (con- 
ducting) portion. On the other hand, these organs are 
copiously provided with large air-canals and lacunae which 
penetrate the whole of the tissues and freely supply 
oxygen thereto. The rhizome extracted by boiling benzene 
yielded about 4 per cent of fat and resin, with some 
alkaloidal matter dissolving in H*S 0 4 with a deep red-brown 
colour passing to a fine grass-green. The alcoholic 


extract was mainly of tannin, which gave no HC 1 - vanillin 
or pine wood reactions, and responded to all tbe tests lor 
gallotanmn; it seemed readily oxidised to gallic and 
ellagic acids by boiling with dilute HaSO*, and by various 
oxidising agents. Further, the presence of sugar was 
doubtful, but there was much mucilage which was not 
pectosic apparently, and a great accumulation of oxalate 
of calcium and of reserve starch not readily convertible into 
glucose; there was also evidence of a combination of 
tannin with the lignin of the vascular bundles and perhaps 
also with the cutin of the epidermis. The leaves were easily 
dried and powdered, and on boiling with benzene yielded 
a large quantity oi carotin, wax, and fat, with much 
phytosterol. The alcoholic extract had some resin and 
much gallotannin, same as in the rhizome ; there was also 
a tannoid yielding paracarthamin, and also vivid yellows 
with Al, Sn. and Pb salts, and by aceto-HCl. Further 
treatment of the residue of the leaves yielded no nitrate, a 
moderate amount of glucose and cane-sugar, very much 
pectosic mucilage, much reserve starch, and oxalate of 
calcium, but no free phlobapbene. The ash oi tbe dried 
leaves amounted to 11*07 P« cent, and contained 55*3 per 
cent soluble salts, 3*8 silica, 15*9 CaO, 27 MgO, 5*15 
P2O5, 13*5 Cl, 2*2 S0 3 , and about 5 oxides of Fe and Mn ; 
there was a little soluble phosphate and about 20 per cent 
CO a . This analysis indicates a poverty of nitrogenous 
matters, but a great power of reserving or storing up the 
products of assimilation (starch and fat-oil), while at the 
same time the products of deassimilation (tannins and 
acids) are highly oxidised. It would seem that the acid 
humus of the peaty bottom makes it unnecessary fox the 
roots to have much oxygen in aid of their absorptive 
activity, while the poverty of nitrogen in the plant is 
helpful to tbe oxidative influences of the medium. Per- 
oxydases, manganese compounds, kataiases, &c,, have 
been mentioned as agencies in thiB connection, but in 
view of tbe diffusion of air and water canals in the tissues 
these hypothetical assumptions are quite unnecessary. 
This plant has been placed in tbe monocotyledons by 
Richard, Lyon, and others; it is nearly related to 
Hydrocharis, Alisma, Butoxnue, and Triglochin, and judging 
by the colour of the flowers of some of these they eIbo 
produce gallotannin. Tbe production of this highly 
oxidised tannin in well aerated water-plants connected by 
systematic morphological characters with land-plants in 
which it is unknown, seems to prove that the chemistry of 
any particular species, so far at least as the process of 
deassimilation is concerned, is entirely dependent on its 
mode of life and habitat. If the medium in which it lives 
is specially oxidative its constituents will be more or less 
oxidised, and even, as is the case with the tannin of the 
water-lily, be capable of some further oxidation under 
favourable conditions by natural or artificial agencies. In 
this plant the conditions of tannic deassimilation seem to 
be absolutely natural and normal ; that is, they are not 
attendant upon any pathological phenomena. An im- 
portant feature in this connection is that the floral 
peduncle arises from the rhizome entirely independently of 
any leaf axil, and there is no visible trace of a bract ; this 
means that the floral organs are nourished entirely and 
directly by the roots and are not aided in any way by tbe 
leaves. The consequence of this provision is that there 
is a double drain, as it were, upon the roots as respects 
soluble nitrogen, carbohydrates, and salts, the result 
being that this organ is the seat of an intense deassimila- 
tion with the production of a large quantity of gallotannin 
absolutely free from any trace of catechol tannin. So that 
what in other vegetable organs would represent patho- 
logical phenomena are in the water-lily strictly the 
natural consequences of normal physiological processes. 
The red variety of the flower found in Sweden indicates 
that there is an insufficiency of nitrogenous food for local 
reasons supplied to the stamens, and hence they are 
obliged to draw specially upon tbe proteids of the corolla, 
which solubilise, deassimilate, and produce anthocyan. 

PatterdRle, Weitmoreland, 
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THE CHEMICAL INDUSTRIES OF GERMANY.* 
By Prof. PERCY F. FRANKLAND, F R.S. 

(Concluded from p. 280). 

The facts which I have brought forward speak for them- 
selves, and proclaim in the most convincing manner the 
stupendous progress which has been made by Germany in 
the chemical industries during the past forty years. It is 
equally certain that England, once pre-eminent for 
chemical manufactures, has not progressed at the same 
rate, and is at the present moment suffering much incon- 
venience through being so largely dependent on German 
chemical products of one kind and another. The country 
is now reaping the harvest of humiliation which it has 
sown for itself in spite of the warnings repeated ad 
nauseam by the chemical profession during a whole 
generation. The systematic neglect of chemical science 
and the failure by manufacturers to utilise the services 
of highly qualified chemists, could only lead to the result 
that all the industries which are dependent on a profound 
knowledge of chemistry should tend to disappear from our 
midst and pass into the hands of those who are prepared, 
not only to apply new chemical discoveries to industry, 
but even to prosecute the most varied chemical investiga- 
tions in the hope of sooner or later making discoveries 
which shall be of advantage to their commercial under- 
takings. The mischief caused through the neglect of 
chemistry by practical men in this country has been so 
subtle that to a large extent it has remained concealed from 
the average man of intelligence and from the govern- 
mental classes. During the past forty years our country 
has been accumulating wealth in an altogether unprece- 
dented fashion, so that the loss or restriction of some 
industries appeared a matter of unimportance to political 
Observers taking only a broad and superficial survey of 
the national resources. The whole of our arrangements 
have evolved during the past half-century on the assump- 
tion that this country would never again be engaged in a 
European war, whilst still more recently the new 
democracy has vainly boasted that it could prevent such 
a war by means of a general strike. The year 1914 has 
seen the dissolution of many fool’s paradises and has 
given the coup de urace to all these vain imaginings, with 
the result that we find our vast textile industry in serious 
peril because tbe much smaller dyestuff industry has been 
complacently allowed to slide into the hands of our saga- 
cious and more painstaking enemies. The same careless- 
ness and want of foresight had even allowed us to become 
dependent on Germany for some of the most important 
materials used as explosives, e.g., trinitrotoluene, and for 
many of the most valued drugs required alike by our army, 
navy, and civil population. 

The complete breakdown in our supply of fine chemicals, 
which is the direct outcome of the disregard of the con- 
stant warnings emitted by scores of. British chemists, has 
led tbe Government of the day to intervene and attempt 
to remedy the intolerable state of affaxrB which has arisen 
in connection with the supply of coal-tar colours. 

We devoutly hope that success will attend the 
endeavour to establish the coal-tar colour industry in 
these islands on the largest possible scale. Whatever the 
ultimate scheme adopted may be, I would venture to point 
out that it must be based on a clear understanding of the 
following considerations x. That. the provision of the 
required chemicals during the continuance of the war is 
one thing, and that their production on a commercial basis 
after the cessation of hostilities is quite another matter, 
a. It appears to me that in order to provide the needful 
supply during the war the only reasonable course is to 
assist in every possible way those firms which are already 
making similar or closely allied products, so as to enable 
them to produce their present goods on a larger scale, and 

* Meeting heM at'Birminghara University on March 4 » J 9 T 5 * From 
the Journal of the Society o/Chmtcal Industry, xrxiv., No. 7. 
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as far as practicable to undertake the manufacture of 
others which are urgently required. The immediate 
problem will be also greatly facilitated by utilising sup- 
plies obtainable from neutral Powers, and more especially 
from Switzerland, which is tbe only country, other than 
Germany, in which the manufacture of dyestuffs and 
similar chemical products has been vigorously prose- 
cuted. As a matter of fact Mr. Runciman admitted in 
the House a short time ago that the Government had 
granted licences to trade with the enemy in the matter of 
dyestuffs 1 3, As regards the prospects of the home in- 
dustry after the war it will require “nursing.” I use the 
term advisedly, in order to obviate the employment of 
another and much more familiar one, which is so dear to 
some politicians and so bated by others ; it will require 
nursing for a much longer period of time than has hitherto 
been mentioned. In this connection I would point out 
that tbe sum of £xo,ooo a year for ten years, which it has 
been proposed, to guarantee for research purposes, is 
absurdly inadequate. 4. If tbe industry is to prosper it 
will not only have to manufacture materials already 
known, but also continually to be introducing new pro- 
ducts of its own discovery, as well as constantly to be 
seeking to produce more economically a great number of 
auxiliary chemicals required in the manufacturing pro- 
cesses. It is also essential that the undertaking should 
branch out into the manufacture of other materials as occa- 
sion may arise for advantageously utilising by-products. 
5. The competition which the industry will have to suffer 
from Germany is likely to be much more serious than ib 
generally supposed, because it roust be remembered that 
England only takes, as we have seen, about one-fifth of 
the total German exports of dyestuffs, so that it would be 
comparatively easy for German firms specially to reduce 
the price of the goods sent to England. They have 
already done this In America when attempts have been 
made to start an aniline industry there. It is particu- 
larly significant, and augurs ill for the prospects of this 
scheme to rehabilitate tbe coal-tar colour industry, that 
the latter has failed to flourish anywhere excepting on 
German soil, and that countries with fiscal systems 
entirely different from our own have been no more success- 
ful in thiB respect than have we ourselves. 6. It will 
certainly be necessary that expert chemical knowledge 
should in the future be much more highly remunerated 
than it has been in the past, otherwise the supply of able 
and properly qualified men will not be forthcoming. The 
flow of men of high-grade intelligence into a profession is 
determined by the prizes which the profession has to offer, 
in the form of money and social position. Consider the 
great stream of able men who are attracted to the English 
Bar, in which profession the prizes, although limited in 
number, are of the most substantial kind, with the result 
that the successful leaders are selected by the fiercest com- 
petition in a very wide field. If there is to he a large 
influx of high intelligence into the chemical profession it 
will be necessary that there should be some very difftrent 
prizes from the paltry bait which is offered at the pretert 
time, for the study of chemistry in this country now only 
draws those men who either have or think they have an 
overpowering zeal and passion for the science, to which 
they devote themselves against the advice of their friends 
and in spite of the warnings of the professors of chemistiy 
by whom they are initiated. Notwithstanding the absence 
of material inducements, I venture to say without fear of 
contradiction that there is more original investigation 
being prosecuted in this country by chemists than by any 
other body of British men of science, and this I attribute 
to the fact that such a large proportion of our number have 
either been at German Universities or are the pupilB of 
those who have been at these centres of research. Nor 
are any of us, I am sure, even during this unfortunate 
crisis, unmindful of the hospitality and the inspiration 
which we have received in the schools of the enemy. 
7. If the proposed undertaking is to succeed real chemists 
must be on tbe directorate, and in a sufficient proportion to 
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give effect to their views. Many men of science are ex- 
cellent business men. What does experience teach in 
the case of flourishing chemical industries which we 
fortunately still have amongst us ? What does not the firm 
of Messrs. Brunner, Mond, and Co., for example, owe to 
the late Dr. Ludwig Mond, F.R.S. ? 8 . In attempting 
to establish a commercially successful coal-tar colour 
company on a large scale in this country, I venture to 
think that the Government have undertaken a task which 
they will find to be surrounded with difficulties of quite a 
different order from those which they have had to en- 
counter in some of their most striking previous legislative 
acts, such as the provision of salaries for members of Par- 
liament, the granting of old age pensions, and the estab- 
lishment of a compulsory system of insurance. These are 
matters in which if the Government dictate we are obliged 
to obey, but the commercial success of an industry which 
is based upon progressive scientific investigation depends 
upon factors so subtle and elusive that they cannot be 
coerced even by a majority of the House of Commons. 
g. If the chemical industries are to be rehabilitated in this 
country there must be a complete change in the attitude 
of mind towards science in general and towards chemical 
science in particular amongst the influential classes of the 
population, and it will certainly not be effected by fol- 
lowing the precept " Business as Usual,” but by pursuing 
a policy which is the exact opposite of what is implied by 
that vulgar and undignified phrase. 

THE COMPOSITION OP TYPES OF SOME 
CHEMICAL GLASSWARE. 

By F. W. BRANSON, F.I.C. 

The problems arising out of the present war as regards 
the supply of chemical glassware very soon became acute, 
owing to the fact that practically the whole of the glass 
apparatus used in this country was obtained from Conti- 
nental sources, chiefly Germany and Austria. I there- 
fore took early steps to ascertain by means of chemical 
analyses the composition of typical chemical glassware in 
general use, more particularly beakers and flasks and 
miner’s lamp glasses. The composition of these having 
been ascertained, it was possible to give manufacturers 
working formula in October last. In order to secure 
economy and facility of output, one glass, a zinc boro- 
silicate, was selected for the manufacture of beakers and 
flasks, which were by that time urgently needed, by ord- 
nance works more especially. This glass has been adopted 
by the British Laboratory Ware Association, Limited, as 
exhaustive tests have proved it to be similar to what was 
the best obtainable previously, namely, Jena zinc boro- 
silicate ” glass. Reports on " B L.W.” glass from various 
expert and other sources, particularly from ordnance 
works, prove it to be, if carefully annealed, a reliable and 
economical substitute for the various types of chemical 
glassware previously in use. A 750 cc. flask, made from 
an early batch, was reported on as follows on December 14, 
1914 About 250 cc. of water was put in the flask and 
well boiled, then quickly cooled by holding under the tap. 
The water was boiled again and quickly poured out, and 
cold water run into the flask whilst as hot as possible. 
About 10 grms. of drillings was dissolved in hydrochloric 
acid, evaporated to dryness, baked hard, cooled, and dis- 
solved in hvdrochloric acid. This was repeated three 
times. In the last case baking was continued for 1} hours, 
on the hottest plate. 300 cc. of 20 per cent caustic soda 
solution was put in the flask and kept at a steady boil for 
two hours. The soda was quickly poured out and the 
flask plunged under cold water. There was no indication 
of * frosting ’ on drying the flask.” 

The constituents of a large number of glasses will be 
found in Thorpe’s "Dictionary of Applied Chemistry,” 
“*» 719; also in "Formulas for Glass Manufacture” 
by the Institute of Chemistry (Journ. Soc , Chm . 


1915, April 30, 424) ; and in 11 Notes on Glass,” by the 
National Physical Laboratory (lUd. % 1915, March 15, 

2X0). 

The work I have carried out is partly covered by the 
“ Notes on Glass ” and " Formulas for Glass Manufacture ” 
alluded to above ; therefore I have not given any analytical 
data of glasses for which analyses have been recently 
published except in the case of Kavalier’s potash-soda 
glass, which Bhow the close similarity between the two 
analyses, the figures in the second column being those 
given in "Notes on Glass.” 

Per cent Per cent. 


SiO a 75*96 76 02 

AI9O3 . . . . . . 0*40 0*64 

Fe 3 0 3 0*08 trace 

CaO 8*48 7*38 

MgO 0*14 0*30 

K a 0 7*48 7 70 

Na a O 7*34 7 60 


99*88 99*64 

This glassware was found to be next in order of merit to 
the Jena zinc boro silicate glass, but owing to the war the 
supplies of potassium Balts practically failed, therefore this 
tvpe of glass was not recommended for manufacture. 
Experiments were also made, and are being continued, 
with a bard soda glass, which works well in the blowpipe 
flame, the analysis being as follows S 0 3 » 76*18 per 
cent ; Al a 0 3 , 2*86; Fe 3 0 3 , 0*07; CaO, 4*52 ; MgO, 0*14 ; 
Na a O, 16 43 per cent. 

[ No analyses were made of Boft soda glasses, as these 
| were already obtainable of British manufacture for the 
production of test-tubes, &c. 

Ana yses were also made of two distinct types of glass 
combustion tubing. A Jena sample contained S>Oa, 
66*90 per cent ; Al a 0 3 , 6*38* Fe 3 0 3t 0*22; BaO, 7*27; 
CaO, 7*94; MgO, 061; K a 0 , 2*40; NaaO, 125; B 2 0 3l 
7*22 percent. 

The other type of combustion tubing (Kavalier) gave 
the following figures Si 0 2 , 70*57 per cent; A 1 3 0 3 , 
0*32 ; Fe 3 0 3 , 0*038; CaO, 7*80; MgO, o*xx ; K ft 0 , xx*6o ; 
Na a O, o*66 per cent. The infusibility of this glass is due 
to the high percentage of silica present. 

A further problem investigated was the miner's lamp 
glass, the Continental supply having practically ceased. 
So far as my knowledge goes, the Jena miner's lamp glass 
was the best then in use, and the analysis of one specimen 
gave the following : — Si 0 3 . 73 08 per cent ; Al 3 0 3l 1 98 ; 
Fe a 0 3 , 0*15 ; CaO and MgO, traces ; NaaO, 7*76 ; B 3 0 3 , 
17*22 per cent. 

With instructions as to procedure these figures were 
given to a manufacturer, but the glass was found difficult 
to work, being rather pasty, even at a high temperature. 
The working formula was then altered, with much better 
results, and the lamjs glasses will bear the Board of Trade 
test of immersing in cold water and raising to boiling- 
point, continuing at that temperature for twenty minutes* 
then suddenly plunging the glass into cold water (tempera- 
ture 15° C.) ; no fracture resulted. It is a very tough 
glass, and is broken with difficulty, say by a miner’s pick. 

The sand used in my experiments was of French origin 
and almost entirely free from iron. The calcium carbonate 
and aluminium hydroxide were of British origin and were 
commercially pure. 

The high temperature coke furnace I used for the experi- 
ments was a very convenient one for the purpose, as the 
temperature could be readily regulated up to white heat, 
and each experiment could be carried out in duplicate 
under the same conditions, similar to those obtaining in 
glass works. Each melt could be started cold and con- 
tinued at the desired temperature for many hours. 

In conclusion, I beg to express my indebtedness for 
analytical and other assistance to Mr. F. H Branson and 
and Mr. W. McD. Mackey . — Journal of the Society of 
Chemical Industry , xxxiv., No. q, 
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THE REDUCTION OF IRON OXIDES 
BY PLATINUM, WITH A NOTE ON THE 
MAGNETIC SUSCEPTIBILITY OF IRON-BEARING 
PLATINUM.* 

By R. B. SOSMAN and J C. HOSTETTER, 
Geophysical Laboratory 

In the course of an investigation on the dissociation 
pressures and melting temperatures of the oxides of iron 
we have repeatedly observed that the platinum crucibles 
used gained in weight and became stiff, evidently through 
the absorption of iron from the charges. 

Proof of the Reduction of Magnetite*— The following 
experiment demonstrates the absorption of iron from 
magnetite by platinum under a very low oxygen pressure. 
About x grm. of natural crystalline magnetite from Mine* 
ville, N.Y., was heated to 500° in a new platinum 
crucible (Heraeus “ extra rein,” dimensions 18 mm. high, 
8 — xo mm. diameter) in a platinrhodium tube vacuum 
furnace and then cooled ( yourn . Washington Acad. 
Sci. t 1915, v., 277). A small amount of gas was 
iven off and was not reabsorbed. This gas pro* 
uced a pressure of 0*045 mm. in a volume of 
1300 cc. t and was probably nearly all gas “ adsorbed ” 
by the magnetite. This gas was pumped out, 
and the charge then heated to various temperatures 
between 6oo° and 1200°. The temperatures were 

measured by a platinum-platinrhodium thermo-element 
and potentiometer, and the pressures were read on a 
500 cc. McLeod gauge. A condensed record of the first 
series of heatings is given in Table I. The furnace was 
then cooled and the residual gas pumped out. The charge 
was again heated, as recorded in the second part of 
Table I. The results are shown graphically in Fig. x. 

Table I. 

Time held 

Temperature/. at/. Initial pressure. Final pressure. 
Deg. Min. Mm. Mm. 

First Series. 

32*5 — 0*00016 — 

600 18 0*0X12 0*0148 fa) 

xooo 20 0*0510 0*0562 (b) 

1 200 33 0*0665 0*0776 (6) 

23 — — 0*0744 

Second Series . 

21*0 — 000012 — 

600 26 o-oxii 0*0164 ( b ) 

1000 16 0*0171 o*02i6 (b) 

X2oo 18 0*0236 0*0344 ( b ) 

1000 18 o 0350 o 0360 (c) 

600 19 0*0350 o 0352 (1 d ) 

1200 12 0*0396 o 04*7 ( b ) 

600 11 0*0429 0*0426 ( d ) 

21 — — 0*0398 

(a) Rising at decreasing rate. (b) Rising steadily. 

( c ) Nearly constant). (d) Constant). 

It is evident from the figures of Table I. that a reaction 
is going on at xooo 0 and higher which is supplying gas 
at a fairly steady rate, and that this rate is greater the 
higher the temperature. The changes in weight of 
charge and crucible, given in Table II., indicate that this 
reaction consists in the liberation of oxygen and the solu- 
tion of metallic iron in the platinum. When heated in air 
after cleaning, the crucible showed on the inside the 
characteristic reddish black colour which appears on 
heating platinum contaminated with iron. 

It is also evident that a small amount of gas absorption 
takes place as the temperature is lowered, since the 
pressure decreases more than can be accounted for by the 

* From the Journal of the Washington A cadi my of Sctences , 
v., No.jj, 


cooling of the furnace tube, but that there is no approach 
to a complete re-absorption of the oxygen. This decrease 
of pressure on cooling probably represents the re-oxidation 
of a small amount of dissociated magnetite ; the dissocia- 
tion product is as yet unknown. No metallic iron was 
found in the charge either by solution in hydrochloric 
acid, which yields babbles of hydrogen if metallic iron is 
present, or by the more sensitive copper sulphate test 
under the microscope. 

Table II. 

Initial Final Change in 

weight. weight. Weight. 

Mgrms. Mgrma. Mgrm*. 

Charge and crucible 4265*8 4264*7 -t*x(lo8s) 

Crucible alone .. 3261*4 3263*2 *fx*8(gain) 

Charge alone.. 1004*4 1001*5 ~2*g(loss) 

The gain in weight of the crucible, shown in Table II., 
has been caused partly by the absorption of metallic iron 
from the oxide and partly by the absorption of rhodium 
and also platinum from the furnace. The amount of iron 
absorbed, as calculated from the amount of oxygen 
evolved and remaining in the apparatus after cooling to 
room temperature, making no allowance for any perma 
nent thermal dissociation of the magnetite, is found to be 
0*9 mgrm. This is one-half of the total gain in weight. 

(Note. — The analysis of the crucibles shows that the 
combined weight of rhodium and iron is less than the total 
gain in weight. No appreciable amounts of other metals 
seem likely to be present, nor were any found by the 
analysis. Heating a part of crucible No. x in hydrogen 
for an hour at about 6oo° produced no measurable loss 
of weight, showing that no oxide of platinum or iron is 
present. Some platinum must therefore have been car- 
ried from the furnace tube to the crucible, either on 
account of a temperature gradient between furnace and 
crucible or by some disintegrating effect due to the current, 
or by both causes combined). 

Magnetite is also reduced by platinum at high tempera- 
tures in the open air. 6*608 grms. of Merck’s reagent 
Fe 2 C 3 was heated to a maximum of 1612° in an open 
platinum crucible (No. 509) in a 25 mm. vertical-tube 
platinum wire furnace. The charge melted down at 
about 1582°, yielding black crystalline “magnetite” on 
cooling. The crucible, which originally weighed 9517*3 
mgrms., increased in weight to 9521*2 mgrms., a gain of 
3*9 mgrms. Certain points on the bottom of the crucible 
attracted a light magnetic needle. 

Reduction of Ferric Oxide. - Products containing more 
ferric oxide than magnetite, as well as magnetite itself, 
seem to be reduced by platinum under a low pressure of 
oxygen. This action is evident even in products which 
are practically pure Fea0 3 . One crucible (No. 2) used in 
our work on the system Fe 2 03— Fe 3 04, after eighteen 
series of measurements, had increased in weight from 
2851*8 mgrms. to 2863*0 mgrms., a gain of 11*2 mgrms., 
or 0*39 per cent. About one-fourth of this gain is found 
to be due to iron absorbed. At the close of the measure- 
ments this crucible showed the usual iron coloration, 
produced by cleaning and heating for a few minutes in a 
flame. Various points on the crucible also attracted a 
light magnetic needle. 

Under xo*2 mm. oxygen pressure at X200 0 , under 
which conditions the magnetite is nearly completely 
oxidised to Fe a 0 3 , this crucible gained x *6 mgrm. Another 
similar crucible containing Fe 2 0 3 gained x*o mgrm. under 
18 3 mm. oxygen pressure at 1200°. A part at least of 
these gains must be due to absorbed iron. In order to 
establish definitely the presence of iron in the crucibles 
and to determine its amount, we have made both chemical 
analyses and magnetic tests on the crucibles in question. 

Methods of Analysis . — For the analysis of one portion 
of crucible No. 2 the platinum metals were separated 
from the iron by precipitating the former with hydrogen 
in sulphuric acid solution. (For the details of this method 
and for many helpful suggestions we are indebted to Dr. 
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E* T. Alien, of this Laboratory). For the other portion 
of crucible No. 2 and for crucible No. 1 the method of 
Mylius and Mazzucchelli, by which all metals present 
could be determined, was employed (Zeit. Anorg. 
Chem 1914, lxxxix., 1). In addition to iron, this 
method showed the presence of rhodium in both 
crucibles, and this latter metal was also determined. The 
order of agreement between the two methods for iron is 
shown in Table III., in which the results of the analyses 
are given. To test the determination of iron by the 
method of Mylius and Mazzucchelli, a solution containing 
977 mgrms. platinum and 5 mgrms. iron was subjected to 
analysis ; 4*83 mgrms. iron was recovered. 


Table III. 

Rhodium. Iron. 


Method of Crucible Per 

Amount 

in 

Per 

Amount 

m 

Analysis. JNo. cent. 

crucible. 

cent. 

crucible. 

Mylius and Maz- ( 1 0-077 

Mgrms. 
2 40 

0*158 

Mgrms. 

490 

zucchelli \ 2 0*127 

3*62 

0*098 

2- 80 

Hydrogen precipi- 
tation .... 2 — 

— 

0*085 

— 


Magnetic Properties of Iron-bearing Platinum . — The 
apparatus for the magnetic tests was suggested by Dr. 
C. W. Burrows, of the Bureau of Standards, to whom we 
are greatly indebted for advice and information in con- 
nection with these tests. The procedure consists essen- 
tially m weighing the pull exerted on the specimen by a 
strong electro-magnet. In paramagnetic and diamagnetic 
bodies the force is practically independent of the shape of 
the specimen. 

Since we wished to obtain only comparative figures we 
did not attempt to determine the field strength or field 
gradient. With our apparatus as set up, 870-2 mgrms. of 
ferrous ammonium sulphate gave a pull of 1*74 mgrm., 
equivalent to 2*00 mgrm. per grm. The pull can be deter- 
mined to about 0*02 mgrm. by the method of swings. 
The mean of two sets taken with reversal of the current 
eliminates a small correction due to the steel parts of the 
balance. 

One-half of crucible No. 2 had already been dissolved 
for analysis. The other half waB tested magnetically, and 
gave a pull of 0*20 mgrm. This was so much smaller 
than the effect which we expected on the basis of prelimi- 
nary results obtained by Burrows and Burgess at the 
Bureau of Standards that we experimented further on the 
magnetic effects produced by known percentages of iron 
added to pure platinum. For this purpose a new 
zo by 18 mm. platinum crucible (Heraeus “ extra rein ” was 
first tested, and found to give no measurable magnetic 
pull. Iron was deposited m the crucible electrolytically 
from oxalate solution, and it was then heated in 
the vacuum furnace, first at 1200°, later at Z400 0 , in 
order to dissolve the iron in the platinum. The results are 
recorded in Table IV. 

Nearly twice as much iron was deposited in the same 
way in a similar crucible, which was similarly treated and 
tested. In this case the iron was deposited chiefly on the 
inside of the crucible, near the bottom, whereas the iron 
of Table IV. was distributed uniformly over inside and out- 
side. The results of the second test are given in Table V. 

Fig. 2 shows that the magnetic effect is very nearly pro- 
portional to the weight of the deposit of iron before 
heating has driven it into the platinum. (The first point 
of the curve represents a preliminary plating of crucible 
No. 3). 

The immediate drop in the magnetic effect as soon as 
the iron diffuses into the platinum is very evident from 
Tables IV. and V., and from Fig. 3, which represents 
graphically the data of Table V. The surprising part of 
the result is that practically the same ultimate magnetic 
pull is attained, although one crucible contains nearly 
twice as much iron as the other. Furthermore, the iron 


of Table V. is concentrated in a smaller area of platinum 
surface than that of Table IV., which might be expected 
to make its magnetic effect more than proportional to the 
amount of iron, instead of which it is found to be inde- 
pendent of the amount. The position of the dissolved 
iron in the magnetic field is without any important effect, 
since turning the crucible upside down makes only a few 
hundredths mgrm. difference in the final magnetic pull. 

The summarised figures, showing the amounts of iron 
in the various crucibles referred to, and their magnetic 
effects, are given in Table VI. 


Table 

Treatment 

IV. 

Total 

weight. 

Weight of 
Iron in 
crucible. 

Magnetic 

pull. 

Crucible tested alone . . . . 

Mgrms. 

3125'2 

Mgrms. 

Mgrms. 

Iron deposited electrolytically 

3153-a 

*7*4 

543 ° w 

Heated at 1200° and 1*001 
mm. for 8 min .. .. .. 

3X53*6 

27*4 

35 ‘5 (*) 

Heated at X200 0 and 0*0005 
mm. for 30 min. * , . • 

Boiled in HC1, ignited x min. 
in Bunsen flame, oxide dis- 
solved off m HC1 m . . 

3X53*5 

27*4 

* 3-8 (») 

3X5X*4 

26*3 

*5‘* («) 

Ignited in blast lamp, oxide 
dissolved off in HC1. . . . 

3x49*2 

24*1 

96 

Heated at 1400° and 00002 
mm. for 8 mm 

3X49*3 

24*1 

1-56 

Heated at 1400° and 0*0007 
mm. for xx min. . . . . 

31497 (d) *4* 

r -49 


(a) Deposit weighs 28*0 mgrms., but contains some 
hydrogen, carbon, and moisture ; (6) film of iron 
still on surface ; (c) film removed ; (rf) the crucible 
stuck to the furnace tube- the gain in weight is 
probably due to rhodium absorbed. 


Table V, 

Total 

Treatment. weight. 

Weight of 
Iron in 
crucible. 

Magnetic 

puli. 

Crueible tested alone . . , . 

Mgrms. 
3235 6 

Mgrms. 

Mgrme, 

Iron deposited electrolytically 

3285*9 

44*8 

11X0*0 (a) 

Heated at 1400° and 0*001 
mm. for 5 min. .. 

3280*4 

448 

80 0 (*) 

Heated at 1400° and o*oox 
mm. for 5 min 

3280*3 

44*7 

600 ( c ) 

Cleaned in HC1, dried.. .. 

3278*8 

43*3 

54*o (<f) 

Heated at 1400 and o*oox 
mm. for xo min 

3379*3 

43*3 

2*56 

Heated at 1400° and 0*0005 
mm. for xo min 

3*79-5 w 43* 

f 51 (f) 

Heated at X400 and 0*0007 
^ mm. for xo min 

3*79 6(.) 43-a 

1-46(7) 


(a) Deposit weighs 50*3 mgrms,, but contains hydrogen, 
carbon, and moisture ; (b) unabsorbed iron near 
bottom ; (c) thin unabsoxbed film remains ; (d) film 
removed ; (e) the crucible stuck to the furnace 
tube — the gam in weight is probably due to rhodium 
absorbed ; (/) crucible stuck to furnace tube. 


Table VI. 


Ferrous ammonium sul- 

Total 

Weight 

Mgrms 

Weight 
of iron 
Mgrms 

P.c ) 
iron. 

Magnetic 

pull. 

Mgrms. 

phate 

870*2 

124*0 

*4*35 

X*74 

Crucible No. 509. . .. 

Crucible — 

9521-2 

3*9 
(or less) 

0*04 

o*74 

No. 1, used in vacuo 

3098-4 

4*90 

0*158 

0*40 

No. 2, „ », „ 

2863*0 

2*80 

0*098 

o*39 

No. 3 (Table V.) .. 

3*796 

43*3 

X*32 

x-46 

No. 4 (Table IV.) .. 

3149-7 

34* x 

0*76 

**49 
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Fig i —Evolution of Oxygen from Magnetite Heated m Platinum (see Table^I ) 



Fig. 3.— Relation of Magnetic Pull to Tune of Heating Iron-plated 
Platinum at 1400° (see Table V ). 


It is evident from Table VI. that the magnetic pull must 
depend not only upon the amount o! iron present, but also 
upon other factors— perhaps its concentration, distribution 
in the platinum, heat treatment, impurities, or other 
variables As we were not prepared to make any exten- 
sive study of the questions opened by these results we 
have been forced to conclude for the present that the 
magnetic test alone gives only a qualitative indication of 
the presence of iron but no quantitative measure of the 
amount present 

The work of Isaac and Tammann (Zeit Anorg . Cketn 
1907, lv , 63) indicates the cause of the small magnetic 
effect produced by a considerable percentage of iron when 
dissolved m platinum They have found that the magnetic 
transformation point, which is about 770 0 m pure iron, 
is rapidly lowered by the addition of platinum, until at 
50 weight per cent platinum it is near ioo°» Near pure 


platinum it would seem to be below room temperature. 
It is possible, though not proven by their results, that the 
magnetisation of the alloys between 30 and o per cent of 
iron is due to an ‘V-form” of solid solution crystals, with 
an inversion curve which falls rapidly with incrta^irg non 
content, just as the inversion curve ot the a form ot pure 
iron and of the iron rich allots falls rapidly with increasing 
content of platinum 

Cause 0) Reducing Action of Platinum —We have 
shown that platinum acts on both hematite and magnetite 
at 1200 0 under low pressures of oxygen, absorbing iron 
and giving off oxygen It also reacts with magnetite m 
the same way at 1600° and at the usual atmospheric 
pressure of oxygen. (Hematite is not stable m air at 
1600° but goes over into magnetite). On the other 
hand, it is well known to analysts that platinum crucibles 
in which Fe 3 03 is ignited m air for weighing m 
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analytical procedures take up no such amounts of iron as 
we have described in previous paragraphs. The reason 
for these differences of behaviour is readily found in the 
phase rule and the relations of iron and platinum in their 
alloys. I 

The system contains three components — platinum! iron, 
and oxygen. Iron and platinum form a continuous series 
of solid solutions. The oxidation of the iron causes it to 
separate from the platinum as an oxide. If we now bave 
present the three phases — iron-platinum alloy, solid oxide, 
and gaseous oxyf en— and assume a certain concentration 
of iron in the platinum (say o*ox per cent) and a certain 
temperature (say 1200°), then there must be a definite 
oxygen pressure in equilibrium with this system. If the 
existing pressure of oxygen is less than this equilibrium 
pressure, the oxide will dissociate and metallic iron will be 
absorbed by the platinum. Tf the pressure of oxygen be 
greater, on the other hand, iron from the platinum solu- 
tion will be oxidised, the oxide will separate on the surface 
of the metal, and the concentration of the iron in the 
platinum will be reduced. 

It is evident from the fact that melted magnetite is 
reduced by platinum in air that at x6oo° the oxygen 
pressure of the air (about 152 mm.) is less than the oxygen 
pressure in equilibrium with dilute solutions of iron in 
platinum. Similarly, at 1200°, 18 mm. oxygen is less 
than the equilibrium oxygen pressure, and at this tempera- 
ture and pressure iron is absorbed by platinum from all 
oxides between Fe a 0 3 and Fe 3 0 4 . The 152 mm. oxygen, 
however, is greater than the oxygen pressure of any but 
the most extremely dilute solution of iron in platinum at 
X2oo°, and at this temperature, which is seldom ex- 
ceeded in igniting iron oxide precipitates for analysis, 
there is no appreciable reduction of Fea0 3 by platinum in 
the open air. 

These considerations explain the very common occur- 
rence of small amounts of iron in platinum, since 
platinum will exercise its reducing action on any material 
containing iron oxides with which it comes in contact, 
provided the temperature is sufficiently high. At low 
temperatures, on the other hand, and with abundant access 
of atmospheric oxygen, no appreciable reduction is to be 
expected. 


THE MANUFACTURE OF ACID PHOSPHATE.* 

By WM. H. WAGGAMAN, Scientist in Fertiliser Investigations. 

(Note. -Describes the manufacture of acid phosphate 
from phosphate rock, detailing the chemical and mechani- 
cal changes involved. Of interest to fertiliser manu- 
facturers generally). 

Introduction. 

The acid phosphate industry in the United States has 
grown to enormous proportions. In spite of the fact that 
numerous other forms of phosphatic fertiliser have been 
proposed or patented from time to time, and the applica- 
tion of raw ground-rock phosphates directly to the field 
has been recommended by some agronomists and agri- 
cultural chemists, the annual production of superphos- 
phate continues to increase. There is little doubt, there- 
fore, that this material will continue to be the basis of most 
of our commercial fertilisers. 

While the general procedure followed in making acid 
phosphate is a familiar one, many of those engaged in the 
production of this material have but little knowledge of 
the chemistry involved and are unfamiliar with numerous 
details of its manufacture, which are of great economic 
importance (J. S. Brogdon, u Manufacture of Acid Phos- 
phate,” Am. Fertiliser^ 1913, [5], xxxix., 25). Competi- 
tion has become so keen in the fertiliser industry during 
the last few years that in order to make a reasonable profit 
the manufacturer can no longer afford to carry on his 
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business in the loose way formerly so prevalent, but must 
practise the most modern scientific methods and exexctse 
the, closest supervision over every detail of his factory 
processes. It is believed that the preparation of this 
Bulletin is justified by the information it will furm&b the 
fertiliser manufacturer ; but it is intended primarily to give 
the progressive farmer a clearer knowledge of that com- 
pound which is the basis of fertilisers, in order that he may 
more intelligently buy and handle his fertiliser and deter- 
mine for himself its true value. Such knowledge, it is 
believed, should tend greatly to clarify prevailing ideas 
concerning the value of factory and of home mixed fertilisers, 
and to throw light on the attendant question of inordinate 
profits alleged to be made by manufacturers. This paper 
describes the whole process, including the preparation of 
the raw materials used, the methods of manufacture with 
the chemical reactions involved, the equipment of the 
modern factory, the disposal of obnoxious gases, the 
methods of drying, storing, and disintegrating the super- 
phosphate, and the cost and disposal of the finished 
product. 

Raw Materials. 

The raw materials used in the manufacture of acid phos- 
phate are bone, guano, apatite, phosphate rock, and 
sulphuric acid. 

Before the discovery of the vast deposits of phosphorites 
or natural phosphate rock in this country bone was one of 
the farmer’s chief sources of phosphoric acid. The bones 
were either steamed, charred, or burned, and applied 
directly to the field, or after grinding were made into acid 
phosphate by treating with an approximately equal weight 
of sulphuric acid. 

Ground bone, however, has considerable agricultural 
value without being acidulated, and besides, the cost of 
the phosphoric acid contained therein is so much greater 
than that contained in phosphate rock that it is obviously 
not economical to use the former material in the manu- 
facture of acid phosphate. The amount of this substance 
now derived from bone is therefore relatively small. 

Guano is another substance which has been extensively 
used in the manufacture of acid phosphate. This material 
consists essentially of the excrements of birds and some- 
times of bats, and at one time was found in large quanti- 
ties. There are two types of guano deposits:—!. The 
unleached deposits which are usually found in caves or 
other sheltered places where the droppings have been pro- 
tected from the leaching effect of percolating water. Such 
a deposit not only contains phosphoric acid in a readily 
available form, but also carries considerable quantities of 
nitrogen, the fertiliser constituent commanding the highest 
price. 2. That which has been leached of its more 
soluble constituents by exposure to the weather. It con- 
tains practically no nitrogen and its phosphoric acid 
content, though usually high, is relatively insoluble. 
Deposits of guano have been eagerly sought, and acces- 
sible and valuable ones are now rather scarce. Only 
those containing high percentages of nitrogen, or situated 
in regions having excellent tiansportation facilities, are 
able to compete with other and cheaper sources of 
phosphate. 

At one time apatite was largely used in the manufacture 
of acid phosphate. This mineral is very widely distributed, 
and occurs in rocks of various kinds and ages. It is most 
common, however, in rocks of the metamorphic crystalline 
variety, such as limestone, gneiss, mica, schist, beds of 
iron ore, &c. There are two main varieties of apatite, 
namely, chlor-apatite, CaClCa 4 P 3 0 X3 , and fiuor-apatite, 
CaFCa 4 P 3 0i2. The latter variety is by far the most 
common, but there are intermediate compounds containing 
both chlorine and fluorine. Pure fiuor-apatite contains 
42*3 per cent phosphoric acid, P2O5. but it is seldom found 
in a pure condition. The occui fence of apatite associated 
with magnetite in northern New York has long been known 
(W. P. Blake, Trans , Am . Inst. Min . Ewg., 1892-93, xxi., 
157)1 but attempts to separate the apatite commercially 
have proved unsuccessful. 
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Table I. - Composition of Phosphatic Materials used in the Manufacture of Acid Phosphate . 





Silica 

Oxide of 







Nitrogen, or in- 

iron and 

Calcium 

Carbonate 

Phosphoric Tricalcium 

Phosphatic material. 

Location. 

N. 

soluble, 

ilummium, 

fluoride, 

of lime, 
CaCOs 

add. 

phosphate(«) 



SiOg. FeaOti AijOs. 

CaFf. 

PaOtf. 

ca*iPOi)s. 



Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Bone-ash 

— 

4*06 

3*01 

— 

— 

5*28 

33-38 

7665 

Fat-extracted bone 

— 

4*14 

3 60 

— 

— 

5*24 

21 68 

46-50 

Bone or animal charcoal 

— 

1*12 

2-00 

o*37 

1*00 

8 00 

3i 99 

73*xo 

Apatite, high grade 

Canada .. .. 

.. — 

367 

0*70 

3 10 

4*13 

38*60 

88 20 

Apatite, lower grade . . 

Canada . . 

. . — 

8*92 

1*03 

3*04 

8 05 

34-4* 

7865 

Apatite, high gtade . . 

Norway . . . . 

. . — 

3-62 

i‘37 

2 62 

0*29 

39*44 

86 xo 

Bat guano 

Porto Rico 

•• 8 35 

— 

i*59 

— 

— 

7-57 

16*52 

Guano in crusts . . . . 

West Indies . . 

.. 045 

— 

5*88 

— 

— 

2436 

53-18 

Phospho-guano . . . . 

Mexico . . . . 

. . 0*40 

— 

i' I 4 

— 

— 

3970 

86 66 

Phosphorite, high grade 

Somme, France 

. . — 

o*79 

i*39 

— 

9*17 

35*59 

7769 

Phosphorite, lower grade 

Somme, France 

. . — 

8-55 

4*07 

— 

6*95 

29*10 

63-53 

Phosphorite, lower grade 

Lidge, Belgium 

. . — 

l6’l4 

2 39 

5*oo 

7*07 

27*20 

62 15 

Coprohtes 

Cambridge, England — 

QOO 

— 

6 00 

2*30 

3400 

77-7° 

Coprolites 

Suffolk, England 

. . — 

Not deter. 

g*oo 

10 00 

2363 

54 00 

Phosphate nodules . . . 

Russia . . 

. . — 

Not deter. 

5*oo 

698 

12*23 

32 82 

7500 

Phosphate nodules . . . 

South Carolina 

. . — 

4-12 

1 — 4 

2-8 

ix— 25 

25 -28 

57-64 

Hard rock phosphate . . 

Florida . . . . 

. . — 

4*13 

3-00 

4*40 

363 

36-39 

83-14 

Land pebble phosphate . 

Florida . . . . 

. . — 

5-10 

1-4 

0-3 

2-5 

30—34 

69-78 

Brown rock phosphate . . 

Tennessee 

. , — 

2*5—10 

3—8 

0—5 

0— 10 

30—38 

69-87 

Blue rock phosphate . . 

Tennessee 

. . 

2*5—70 

2*5—7 

0-3 

0—2 

27—32 

62-73 

White rock phosphate. . 

Tennessee 

. . — 

2-7*5 

1 5-3*5 

— 

— 

3*— 38 

73-87 

Black rock phosphate . • 

Arkansas . . . . 

. . — 

15—40 

2*5— 9*5 

— 

— 

23—28 

53—64 

Brown rock phosphate. . 

Kentucky . . . 

. . — 

2—5 

25—5 

— 

— 

30—35 

69—8O 

Oolitic black phosphate . 

Utah, Idaho, &c. 

. . — 

i*8—io 

0*07 1*6 

0-8-1-35 

3*8—13 6 

27—36-5 

62—83 

White phosphate . . . . 

Ocean Islands . 

. . — 

Not deter. 

0*43 

ro 

4*91 

3873 

84 65 


(a) Known to the trade as bone phosphate of lime, b. p. 1. 


In Norway and Canada, however, there are large 
deposits of apatite which were at one time extensively 
worked, but the discovery of cheaper and more accessible 
sources of phosphoric acid (particularly in the United 
States} has caused a serious curtailment in the mining of 
this mineral. 

The main objections to apatite as a source of phosphoric 
acid are, first, the expense of mining and picking the rock, 
and, second, the large percentage of fluorine, which yields 
obnoxious gases when the rock is treated with sulphuric 
acid. The superphosphate now manufactured from apatite 
is but a small percentage of the total material marketed. 

The vast bulk of acid phosphate produced both in this 
country and abroad is made from the amorphous phos- 
phates of lime, of which there are enormous deposits in the 
States of Florida, Tennessee, Utah, Idaho, Wyoming, 
and Montana, and in northern Africa, and smaller deposits 
in the States of South Carolina, Arkansas, and Kentucky 
in this country, and in France, Germany, England, and 
Belgium, 

Ocean and Pleasant Islands of the Gilbert group, as well 
as Borne of the Society Islands in the southern Pacific, 
and Christmas Island in the Indian Ocean, contain large 
quantities of very high grade phosphate rock; in fact, 
these phosphates are as rich as any amorphous phosphates 
known. It iB only in recent years, however, that the 
deposits have been developed to any extent, and owing 
to the lack of harbours the rock must be loaded at sea, 
which makeB their exploitation somewhat difficult. 

The character of the American deposits, the methods of 
mining and preparing the rock for the market, the cost of 
production, annual output, and other details of this industry 
have been described in Bulletins of this department, and 
bo need not be repeated here (Bull. 41, 69, 76, and 81, 
Bureau of Soils, U.S. Dept. Agr. ; Bull . 14, U.S. Dept. 
Agr., 1913). 

In Table I. is given a list of the more important phos- 
phatic substances (with their approximate composition) 
used in the manufacture of acid phosphate. 

The sulphuric acid used in the manufacture of acid 
phosphate is the ordinary ** chamber acid. 11 It ranges in 
specific gravity from 1*5 to I'fi at 6o° F., and contains 


from 60 to 70 per cent of sulphuric acid. The fertiliser 
trade, however, is accustomed to expressing the strength 
of “ chamber acid ” in Baumd degrees (°B). The manu 
facturer should have conversion tables at band showing the 
specific gravity and percentage of acid corresponding to 
each degree registered by the Baumd hydrometer. Part 
of such a table approved and adopted by the Manu- 
facturing Chemists Association of the United States is 
given in Table II. 

Theoretical Basis for the Manufacture of 
Acid Phosphates. 

The process of making acid phosphate was devised in 
order to change the phosphoric acid contained in the 
substances just enumerated into a more soluble or “ avail- 
able ” condition. 

The phosphates of lime, as found in nature are highly 
basic compounds or solid solutions offering considerable 
resistance to the solvent influence of percolating meteoric 
or soil waters. The less basic phosphates (those contain- 
ing less lime, iron, alumina, or magnesia) are more soluble 
in water (Bull. 41, Bureau of Soils, U.S. Dept. Agr., 
1907). Therefore, in order to bring about the desired 
change, an acid stronger than phosphoric acid is added in 
sufficient quantity to combine with a porticn of the lime, 
producing a phosphate less basic and, consequently, more 
soluble. The reagent which has been found best suited 
for this purpose is sulphuric acid, not only because of its 
cheapness but because calcium sulphate, one of the pro- 
ducts of the reaction, takes up the excess of water present 
in the acid phosphate to form gypsum. The final product, 
therefore, if properly made, is dry and can be readily 
mixed with other ingredients to make a complete 
fertiliser. 

The main purpose sought to be accomplished in the 
factory treatment of phosphate rock is to prepare a product 
in which the phosphoric acid will be water soluble, so far 
as this can be accomplished, with due regard to the 
physical properties of the product essential to its ready 
mixing and handling. While it is a matter of no great 
difficulty to determine by a chemical analysis just what 
constituents are in a given phosphate rock ana in what 
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Table II .— Specific Gravities and their Equivalents in 
Baumi Degrees of Sulphuric Acid of various Sttengths* 
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proportions, it is not known just bow theBe constituents 
are chemically united. It is generally assumed that the 
phosphoric acid is combined with the lime in a hypothetical 
compound- tricalcium phosphate (known to the trade as 
bone phosphate of lime, b. p. 1.), represented by the 
formula Ca 3 (P 0 4 )a, and that this compound, when treated 
with sulphuric acid, H3SO4, and water, H 3 0 , m the right 
proportions, is converted into a mixture of gypsum, 
CdS0 4 .2H 2 0, and monocalcium phosphate, Ca(HaF 0 4 )a« 
Both gypbum and monocalcium phosphate are periectly 
definite, well-known compounds. The former is but 
slightly soluble, the latter readily soluble in water. As a 
matter of lact, in the reaction cited above, it is probable 
that dicalcium phosphate, Ca(HP 0 4 )a> is formed as well. 
Both these calcium phosphates are decomposed by water, 
so that a solution of monocalcium phosphate, if diluted, 
will precipitate dicalcium phosphate, and if the dilution be 
carried further, a phosphate even more basic than the 
tncalcium phosphate is formed (Vide, Bull . 41, Bureau of 
Soils, U.S. Dept. Agr , 1907, p. 22). Obviously, the 
more basic the calcium phosphate, the less soluble it is in 
water. It is equally obvious that when incorporated in 
the soils, the soil water, while dissolving and distributing 
the phosphate, is at the same time decomposing it into 
less soluble forms. Assuming now, as we may do for 
convenience, that the reaction takes place in the mixing as 
outlined above, it may be represented thus : — 

Tricalcium phosphate or 

pure phosphate rock. Sulphuric Acid. Water. 

Ca 3 (P 0 4 )a + 2H a S0 4 + 4H3O ■» 

z molecule, weight 3x0. 3 molecules, 4 molecules, 

weight 196. weight 73. 

Monocalcium Phosphate or Super- 
Gypsum. phosphate. 

2(CaS0 4 2H 3 0) + CaH 4 (P 0 4 ) a . 

2 molecules, weight 344. x molecule, weight 334. 

The above equation means that in order to change com- 
pletely 310 parts of tricalcium phosphate or pure phosphate 
rock into acid phosphate, xq6 parts of pure sulphuric acid 
are required, or z ton of phosphate rock requires 0*63 ton 
of sulphuric acid. Factory practice and long experience 
in the manufacture of acid phosphate have shown, how- 
ever, that much better results are obtained by employing 
sulphuric acid containing from 30*35 to 37*82 per cent of 
water (“ chamber acid ”). A part oi the water contained 
in this acid is evaporated by the heat of the chemical 
reactions taking place, and a part is taken up by the 
calcium sulphate formed to produce gypsum, as shown in 
the above equation. 

Impurities in Phosphate Rock. 

Besides calcium phosphate the phosphates of commerce 
always contain varying quantities of impurities, such as 
organic matter, silica or silicates, calcium fluoride, oxides 
or phosphates of iron and aluminium, and carbonates of 
lime or magnesia. All of these impurities take up or are 
acted upon directly or indirectly by sulphuric acid, the 
bases being converted into sulphates, and the fluorides, 
carbonates, and organic mattei being decomposed with the 
evolution of gases. It is very important that the manu- 
facturer should be acquainted with the tffect that these 
impurities and the compounds produced therefrom will 
have upon his acid phosphate, and he should be able to 
calculate from the analysis of his raw material what 
quantity and strength of sulphuric acid is required to 
satisfy these impurities. The action of the sulphuric acid 
upon the various foreign substances found in natural 
phosphates of lime and the effect of these impurities on 
the finished product are discussed below in some detail. 

Organic Matter . 

PiActically all phosphates, with the exception of apatite 
aie of animal origin and therefme contain a certain 
amount of organic matter. When present in any quantity 
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organic matter usually imparts a dark colour to the phos- 
phate. The presence of very smalt quantities can be 
detected by the putrid odour emitted on crushing or 
grinding the rock. The phosphates of our Western States, 
as well as some of the Tennessee rock, contain consider- 
able quantities of organic matter, while most of the Florida 
phosphates are very low in this material. 

The methods now employed m drying phosphate, either 
by calcining it on ricks of wood or putting it through a 
rotary drier, burns out or destroys a part of the organic 
matter ; the remainder is carbonised by sulphuric acid 
with the evolution of volatile or gaseous products. The 
sulphuric acid is at the same time reduced to sulphur 
dioxide, SO 2, or to hydrogen sulphide H 3 S, if the reduction 
has proceeded further. The production of these gases not 
only entails a loss of sulphuric acid, but they are both dis- 
agreeable and deleterious to health. 

In making acid phosphate the organic matter found in 
the rock is not considered, since the amount present is 
usually small. Owing to the various forms in which 
organic matter may occur, it is almost impossible to judge 
except by actual experiment how much sulphuric acid is 
required for its decomposition. 

Silica and Silicates. 

Sulphuric acid has no direct action upon silica, Si0 2 , 
but when fluorides are present an indirect action occurs, 
which is described below. Silicates are directly acted 
upon by sulphuric acid, but so slowly that they need hardly 
be taken into account. The presence of silica or silicate 
minerals m phosphate rock is not considered objectionable 
except in so far as they act as diluents. Phosphates con- 
taining high percentages of silica necessarily have a lower 
percentage of phosphoric acid than the less siliceous or 
purer phosphates. 

Calcium Fluoride . 

Fluorides are present in almost all phosphate rock. 
Some samples contain as high as 8 per cent of calcium 
fluoride, CaF*. The amorphous phosphates as a rule 
contain smaller quantities of this compound than apatite. 

Calcium fluoride reacts with sulphuric acid, giving 
gaseous hydrofluoric acid, HF, and calcium sulphate, 
thus i— • 

Calcium fluoride. Sulphuric acid. Hydrofluoric acid. Calcium sulphate. 

CaFa + H3SO4 m aHF 4- CaSO^ 

But hydrofluoric acid, HF, acts upon the silica or 
silicates present in the mass, producing gaseous silicon 
tetrafluonde, 9 iF 4 , and water or steam, thus*. — 

Hydrofluoric acid. Silica. Silicon tetrafluoride. Water. 
4HF + SiO a - S1F4 + 2H 2 0 

Silicon tetrafluoride in turn is decomposed by water 
with the formation of hydrofluosilicic acid, H2S1F6, and 
precipitation of pure silica, S1O2, thus : — 

Silicon tetrafluoride. Water or Steam. Hydrofluoailic acid. Silica 
3S1F4 4 * 2H2O » aHLaSiFg 4 " SiOa 

Before this last reaction takes place, however, much of 
the silicon tetrafluoride escapes from the mass and can be 
detected by its penetrating odour and smarting effect on 
the eyes and nose. 

Very high grade acid phosphate can be made from rock 
containing large amounts of fluorine, because, as pointed 
out above, many of the products formed during the process 
escape as gases or vapours, leaving the mass correspond- 
ingly richer in phosphoric acid. These gases also, in 
forcing their way out of the acid phosphate, tend to render 
it porous and more readily dried. The product, therefore, 
can be easily broken up and mixed with other ingredients 
to make a complete fertiliser. 

The main objections to using phosphates high in 
fluorides are, first, the increased quantity of sulphuric acid 
necessary to decompose these compounds, and, second, 
the noxious and even poisonous nature of the gases evolved 
during their decomposition. 

(To be continued). 


WELSH NOTES. 

[By Our Special Correspondent). 

Swansea dock trade maintains an excellent increase not- 
withstanding the bad times, and we find an increase of 
31,000 tons m the tonnage dealt with last week as com- 
pared with the corresponding week m last year. The import 
trade was very active, so active in fact as to bring the net 
tonnage to an increase of 10,000 tons over the preceding 
week, m which the import trade had been comparatively 
quiet. Among the exports patent fuel did not maintain 
the activity of the past few weeks, but was nevertheless 
considered eminently satisfactory. Chief among the im- 
ports were :~446 tons scrap steel, 1530 tons of zinc ore 
from France, 15 tons tin ore, 2080 tons iron pyrites, and 
3710 tons copper ore from Spam, copper matte 330 tons, and 
nickel matte 30 tons. Shipments of tinplates amounted to 
86,834 boxes, 74,000 boxes being received from works. 
Stocks in the dock warehouses and vans amounted to 
295,358 boxes, compared with 308,185 boxes the previous 
week and 228,947 boxes in the corresponding wetk of last 
year. Ot patent fuel 14*155 tons were exported. 

All the varied trades of the Swansea and adjoining 
valleys with the exception of the tinplate and sulphuric 
I acid work* display ed considerable activity throughout the 
week. Great pressure was noticed at Baldwin's blast- 
furnaces, and it is said that the output well exceeded 
expectations. So busy were the steelworks that arrange- 
ments have been made with the men to put in twelve 
hours per day to cope with the production of material 
required by the Government. The copper industry had a 
good week, and the tonnage of copper plates was 
exceptionally heavy. The spelter trade experienced even 
gieater pressure than that of the pa&t few weeks. Govern- 
ment work was in evidence on every hand, and very little 
work of any other kind was seen, local orders being forced 
to take second place. The quietness experienced in the 
tinplate trade saw the temporary closing down of the 
Forest Works over the week-end, affecting some 200 or 
250 men. There was a good supply of lead-piping and 
safety fuse, and these passed off with a quiet demand. 
Full pressure was experienced at the Mond Nickel Works 
and the Mannesman Tube Works, every department being 
exceptionally busy. The Metal Extraction Works were 
engaged for a full week, whilst iron and brass foundries 
were satisfactory. 

The Dowlais Iron and Steel Works have experienced a 
very busy week, all furnaces and mills being engaged to 
full capacity. The Goat Mill turned out a heavy amount 
of tonnage of heavy pattern steel rails, billets, steel 
sleepers, and square bars. The Big Mill was engaged m 
fish plates, sole plates, tram rails for underground use, and 
sidings. 

Port Talbot Docks had a fairly good week, an aggregate 
of 54,493 tons being dealt with. Among the exports, 
which consisted mainly of coal, were 2460 tons of patent 
fuel and X223 tons of copper ore ranked among the 
imports. 

How the war may result in British producers capturing 
some of the German spelter trade was mentioned at the 
thirty-second general meeting of shareholders in the 
English Crown Spelter Co., Ltd., held at Port Tennant, 
Swansea, on Friday. Mr. Reginald Francis, Chair- 
man, said that, as perhaps one of the largest pro- 
ducers of spelter in this country, they were doing their 
fair share towards helping the nation to win the war, and 
wished they could do mote. They wanted, after the war, 
to take the position that Germany had held m buying 
Australian ores, smelting them in Germany with English 
coal of high quality, and selling the resulting metal to us 
in England at a profit. 

In reply to a question as to the position of the company's 
mines in Italy now that war had been declared, the Chair- 
man said he did not think any warlike preparations would 
affect the mines at all, but it was possible that labour 


3<>o 


Chemical Notices rrom Foreign Sources. 


would be affected as also might transport. They had 
other sources of supply outside their Italian mines which 
would keep them .satisfactorily supplied for some time to 
come* besides which they had stocks to carry them fairly 
well towards the end of the present year. Continuing, the 
Chairman said they would have noticed an advance in the 
price of spelter, and this could not fail to benefit the 
company. They had been in touch with some important 
financial groups in London with regard to the large pro- 
ductions of sine concentrates in Australia which in the 
past had been treated mostly in Germany, but existing 
contracts were under the consideration of the British and 
Australian Governments. Their directors had not lost 
sight of the probable alterations in the world’s markets, 
and had already in hand preparations for the installation 
of two additional smelting furnaces. 


NOTICES OF BOOKS. 


List of Reagents for Analytical Purposes , London : The 
Institute of Chemistry. 1915. 

This list of purified reagents which can be obtained from 
British merchants, although it does not claim to be com- 
plete, gives a very fair idea of the extent to which the 
requirements of chemists can be satisfied by fine chemicals 
made in Great Britain. The standards ot purity to which 
each article attains are explained in detail, the tests 
described being mainly those adopted by a Committee 
appointed by the Eighth International Congress of Applied 
Chemistry. It is earnestly to be hoped that merchants 
will do their utmost to encourage trade in British made 
chemicals, even at the cost of some little inconvenience at 
first, so that we may ultimately become quite independent 
of foreign firms. 


The Electric Furnace in Metallurgical Work . By Dorsey 

A. Lyon, Robert M. Keeney, and Joseph F. Cullen. 

Washington : Government Printing Office. 1914. 

This bulletin is a very complete compilation of data 
connected with the construction and uses of the electric 
furnace, electrotheimic methods being chiefly described ; 

those in which the current is used as a source of heat. 
Only processes involving the reduction of an ore to a 
metal or the preparation of a valuable compound of a 
metal are included. In Part I. the essential features of the 
electric furnace are explained, and some account is given 
of the cost of electric power and the factors influencing it. 
The application of the electric furnace in metallurgy is 
then treated, much attention being paid to the terro alloys, 
while iron itself is discussed in outline only, having been 
the subject of a previous bulletin. Some details of 
several European plants are given, and also full informa- 
tion regarding the uses of each ferro alloy. 


yac. Berxelius Bref, (“Letters of Jac. Berzelius”). 

Vol. IV. Upsala : Almquist and Wiksells Boktryckeri- 

A.-B. 1915. 

This volume of Berzelius’s letters contains all those 
which passed between him and Dulong during the period 
18x9—1837. Most of them are now published for the first 
time. They give an interesting view of Berzelius’s keen- 
ness and energy in scientific work, and of Dulong’s 
devotion to research and the difficulties under which he 
laboured owing to his ill health and his uncongenial 
teaching work. Berzelius’s letters contain accounts of 
his investigations of sulphocyanides, silicon, fluoric acid, 
&c., and discussions of many of the scientific theories put 
forward in his day; the letters on both sides were 
written in French, and art reproduced in full with the 
addition of some notes. 
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Not*.— A ll degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hehdomadaires des Stances de V Academic 
des Sciences. Vol. clx. No. 19, May xo, 1915. 

Chemical Study of Coloured Glasses of the Middle 
Ages. — G. Chesneau. — The author has studied the 
chemical constituents of coloured glasses from Rheims 
Cathedral. He finds that violet glass, besides manganese 
in the form of Mn 2 0 3 , always contains iron oxide and 
traces of copper and cobalt, which are the elements 
generally associated in impure pyrolusites. Blue glass 
contains the elements found together in native arsenio- 
sulphide of cobalt, and has thus been coloured with zaffre 
obtained from this mineral. Nickel produces a dark 
brown coloration, and the absence of nickel in the speci- 
mens analysed shows that in the thirteenth century it was 
known how to avoid the presence of nickel in zaffre. The 
colour of green glass was produced by mixing oxides of 
copper and iron, a small amount of cobalt and a good 
deal of manganese being also present. Red glass was 
obtained by a very thin layer of enamel, which was 
coloured with cuprous oxide. 

Dloxytriazines. Synthesis of Substituted Semi* 
carbazides. — J. Bougault.— When the mono-ethers of 
benzyldioxytriazine are boiled with dilute soda substituted 
semicarbazones of phenol pyruvic acid are obtained. The 
corresponding alkylsemicarbazides may be prepared from 
them by the action of cold concentrated hydrocnloric acid. 
These alkylsemicarbazides are crystalline substances which 
appear to be fairly stable. They are very soluble in water, 
alcohol, and chloroform. They give crystallised hydro- 
chlorides soluble in water and alcohol. Towards alde- 
hydes and ketones they behave like semicarbazide itself. 


MISCELLANEOUS. 

New Method of Determining Sodium and Potas- 
sium in a Mixture of their Salts. - Ktchiro Okada. — 
When a given quantity of a mixture of sodium and 
potassium salts is mixed with a given quantity of sodium 
hydrogen tartrate in solution, and the temperature and 
total volume of the solution are kept constant, the concen- 
tration of the tartrates remaining in the solution is a 
function of the percentage of potassium in the sample. If 
this function be given in the form of a curve, a 
mixture of sodium and potassium salts may be analysed 
by determining the concentration of the tartrates 
remaining in the solution. The author has deter- 
mined the standard curve by dissolving x grm. of 
the mixed chlorides of known composition and 2*4 grms. 
of sodium hydrogen tartrate in water, diluting to 
50 cc. at 25 0 C., and keeping at that temperature for 
five hours. Then 20 cc. of the clear solution were evapo- 
rated to dryness and brought to a red heat. The alkalis 
were extracted with a known volume of standard X2C1 and 
the excess of acid back-titrated. The quantity of HOI 
was plotted along the ordinate axis and the percentage by 
weight of sodium chloride along the abscissa axis. This 
method of analysis was found to be tolerably reliable for 
ordinary purposes. 

Double Salt of Sodium and Potassium Sulphates. 
— Kichiro Okada. -Using the analytical method just 
described, the author has studied the composition of the 
double salt of sodium and potassium sulphates. He has 
found that its formula is K 3 Na ($04)2. It dissolves in 
sodium sulphate as a solid solution, but not in potassium 
sulphate .— (Memoirs of the College of Science, Kyoto 
Imperial University, i., No. a). 
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MASS AND WEIGHT. 

By F. H. LORING. 

In speaking of the ratio of mass to weight becoming unity 
(Chemical News, cxi., p, 157 : end of art.), a misconcep- 
tion of the intended meaning is possible, since “ the ratio 
of weight to mass is often called the intensity of gravity, 
and denoted by g” 

It may not be out of place in a discussion of mass and 
weight to give first a statement of mass, which is based 
upon an early definition in Rodwell’s “Dictionary of 
Science ” (1873), but with some alterations in the wording 
and a few enlargements. 

Mass is a term for the quantity of matter in a body. 
In order to measure mass, it is assumed that the attraction 
of the earth on all particles of matter is the same whatever 
may be their physical state or arrangement, and this 
attraction is also the same irrespective ot their chemical 
nature. This assumption is fully justified by the fact that 
bodies of all shapes and of all kinds and sizes fall with 
equal velocity in the exhausted receiver of an air-pump. 
This comparative equality of velocity when different bodies 
are dropped together holds true at all latitudes, though 
both the centrifugal force due to the rotation of the earth 
and the gravitational attraction vary according to the lati- 
tude of the place. If a one-pound mass at a given place 
fell slower than a two pound mass at the same place, we J 
should, upon dividing the latter into two one-pound parts, 
have to account for a miraculous disappearance of force ; 
hence the equality in velocity arises from a given force 
acting with a given amount of matter. Therefore we are 
able to measure the mass of a body by its weight, using 
for this purpose a counterpoise balance, and we can only 
define the mass as a quantity proportional to the weight, 
in the sense that if at a given place on the earth’s 
surface one body is twice as heavy as another the mass of 
the first is twice that of the second. Suppose, however, 
that the body be weighed by a spring-balance at a certain 
place removed from the Equator, and weighed again by 
the same instrument at another place on or near to the 
Equator, it will be found that the body is lighter at the 
latter place. It is found, too, that the acceleration due to 
the force urging the body towards the earth is also less at 
the second place than at the first, in the same proportion. 
This illustrates the fact that when the mass remains the 
same the weight varies as the acceleration of gravity. 4 ' 
Hence the weight varies as the product of the mass and 
this acceleration, and consequently, when suitable units 
are chosen, the mass of a body is equal to its weight 
divided by the acceleration due to gravity. Acceleration 
is the rate of increase (or change) of velocity per unit of 
time (see below). We may observe that if the accelera- 
tion due to gravity were taken as unity, then the mass 
would numerically equal the weight, and the ratio would 
be unity. 

Going over familiar ground, we of course know that the 
kilogramme is defined as the mass of a piece of platinum 
deposited for safe keeping in the Archives of Paris, and 
that the standard unit in the Centigrade-Qramwe-Second 
system is a thousandth part of this mass « one gramme. 

At Paris the acceleration of gravity (g), as it is termed, 

* The term gravity ait thus used is not a pure term, but involves in 
practice the diluting effect of centrifugal force. This does not matter, 
since all forces can be added to or subtracted from each other as if they 
were of the same kind. It may be more satisfactory to say they are 
superposed, in which case the cancelling out or augmenting, as circum- 
stance demands, leads to the same numerical or practical result. 
Forces acting in different directions give rise to a resultant force, so 
that we may say that forces are often resultant effects. 


is such that the gramme- mass (or any other mass) will fall 
there under the influence of the earth’s attraction, when 
dropped from a height, with a velocity of 981*0* centi- 
metres per second at the end of the first second, at 
the end of the second second 2x981, at the end of the 
third second 3x981, and so on. 

Suppose that we cinematograph a falling watch against 
a stationary measuring rule or scale 256 ft. long. We 
shall find that at the i6-ft. mark on the rule the watch 
registers one second in advance of its time when liberated. 
The watch has taken one second to cover x6 ft. During 
consecutive seconds it will have traversed x6, 48, 80, and 
xi2 ft. respectively (neglecting fractional values), the total 
distance traversed being the sum of these. If the watch 
had attached to it a speed-indicating mechanism, actuated, 
say, by a pinion engaging with a rack alongside the rule, 
then we should find that just at the end of each successive 
second it had indicated a velocity of 32, 64, 96, and 128 ft. 
per second respectively. 

This will be understood from the following analysis 
The velocity at the end of x6 ft. must be greater than 
16 ft. per second, taken as an instantaneous velocity at 
this point ; it is 32, as we shall see in the next paragraph. 

The acceleration being uniform , we can say that 16 ft. 
per second represents a mean value ; hence the maximum 
velocity, occurring at the end of the first second, would be 
16 x 2 « 32 ft. per second. 

Similarly, at the end of the second second tne total 
distance traversed would be 16 + 48 = 64 ft. This also 
being a mean value for two seconds, the maximum velocity 
then becomes 64 x 2 =* 128 ft. per two seconds. Since 
we are only concerned with the velocity per second at the 
end of the second second, this would be 128/2 ~ 64 ft. per 
second . 

To continue : at the end of the third second the total 
distance covered from the start would be 16 + 48 + 80 «■ 144ft. 
The maximum velocity - 144 x 2 « 288 it. per three 
seconds. The time taken being three seconds, the velocity 
per second at the end of the third second would be 
288/3 « 96 ft. per second .... and so on. 

Now, during each successive second the gain per second 
has been 32 ft., since 

32-0 = 32 \ 

64 - 32 - 32 \ - g 
96 - 64 • 32 j 

so that we may say the acceleration per second per second is 
32 ft., and that it is uniform. The exact figure is practi- 
cally 32*2 ft. per second per second at London, or 981 cm. 
per second per second at Paris.f 
This means that the force acting downwards on the gramme 
mass is 981*0 dynes, because force -» mass x accelera- 
tion, the dyne being the unit of force which causes unit 
acceleration in unit mass, or, from another point of view, 
a unit force of x dyne is that force which, acting on unit 
mass for unit time, causes it to move with unit velocity. It 
is of course understood that in this case the unit of distance 
or length is the centimetre, the unit of mass is the 
gramme, and the unit of time 19 the second. 

Since force ® acceleration x mass , and as the mass 
remains constant— in this case unity- 981 x 1 = force of 
gravity, as it is termed. The acceleration is also con- 
stant ; therefore the force must have acted with the same 
pull at the outset — that is, before the mass Btarted on its 
downward movement; hence the force is the weight of 
the stationary mass of i grm. expressed in dynes. 

* The exact value is $8094, corrected for sea level. The actual 
value, not so corrected, is 980 go, the altitude of Paris being 72 metres* 

] It is of possible interest to note that the distances x6, 48, 80, 1x2, 
&c,, stand to each other as the numbers 1, 3, 5, 7, &c., while the 
velocities at the ends of the consecutive seconds stand to each other 
as the numbers x, 2, 3, 4, & c *> and the distances (D) from the begin- 
ning (each time taken) are the squares of the numbers 4, 8, is, 16, etc. 

D » igt*. t =a time in seconds, 
t Vd x £. Final velocity in ft, per sec. « VTT x 8. 

8 is the square root of 2g. 

Mechanical friction due to the speed-indicator, as well as to air 
friction, in of course taken as a negligible quantity in discussing main 
principles, 
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At the Equator it is interesting to observe that the 
gramme standard of platinum will be pulled downwards 
with a force of 978*1 dynes. At the Pole the value 
becomes 983*1* 

We speak of downward pull, but in truth both bodies 
pull equally on each other, just as in chemical actions we 
say A has an affinity for B, meaning that B has the same 
affinity for A : they act conjointly on each other. Bodies 
are known to attract each other in proportion to their 
masses (as the product of their masses), and the attraction 
varies as the inverse square of their distances from each 
other. One can imagine two stationary bodies of equal 
size and density in space pulling on each other by gravi- 
tational attraction, so that if free to move they would 
gravitate with equal velocities towards each other. In 
Siis case, as in aU cases of classical dynamics, the attrac- 
tion is considered mutual. Should one body be much 
larger than the other they would still pull with equal force 
on each other, though the movement of the smaller body 
would be greater than that of the larger, assuming that 
they are free to move. Now, suppose such a system to be 
set in rotation, so that the smaller body tends to fly away 
from the larger one situate on the axis of rotation. 
Assuming the same relative positions as before, the 
gravitational attraction would still be exactly the same, 
but superposed on this is a centrifugal force which pre- 
vents the smaller body from falling towards the larger one 
with the same velocity as when no rotation takes place. 

At any particular instant of time during the “fall " 
would the two forces be exactly equal ? That is to say, 
would the smaller body pull the larger body towards it 
with exactly the same force as that with which the larger 
body pulls the smaller ? 

It would seem that in this case the pull would be 
mutual and exactly equal as before, therefore the force of 
gravity is not in a sense essentially different from centri- 
fugal force. This leads therefore to the conclusion that 
inertia of matter and gravitational attraction are allied 
phenomena, and represent negations of the same order, bo 
that one is just as mysterious as the other. In this field 
we cannot apparently solve one problem or explain one 
phenomenon without solving or explaining several. There 
is also the principle of two forces acting in a . superposed 
sense, and this may be an important consideration from a 
certain point of view. 

The force of gravity would be absolutely the same at the 
Equator as elsewhere on the surface of the earth if it were 
a true homogeneous sphere in space, not under rotation 
and removed from other large bodies of space that 
might exercise a disturbing influence. As we know that 
the earth is not a true sphere— being an oblate spheroid— 
and that it is under rotation, the centrifugal force becomes 
greater at the Equator than elsewhere, and for this latter 
reason mainly the force of gravity is apparently less there. 

Altitude and latitude must obviously be taken into 
account. The value of g is closely calculable from the 
experimentally-derived formula — 

g mb 980*6056-2*5028 cos 2 X- 0*000003/1, 
x denoting latitude and h the height of the station (in 
centimetres) above sea-level. 

Another formula is - 

g « 978*07+5*08 sin a X-o*ooooo3X, 

978*07 being the value taken for g at the Equator at 
sea-level. # . 

In some calculations the radius of the earth at the place 
considered is taken into special account. 

Irregularities in land contour introduce small variations, 
and these are sometimes allowed for. The disturbing 
influence of the sun and moon are too small to be con- 
sidered except in cases of very large masses, such as the 
ocean. The tides show the effect of these extraneous 
forces, as we may conveniently speak of them. 

Although the attraction at the Equator is reduced m 
effect, we need not alter the gramme-mass to conduct 
accurate weighings, since it is obvious that an arm or 


counterpoise balance will enable the same quantities of 
material to be accurately dispensed there as elsewhere. A 
spring-balance would do, it calibrated at the Equator with 
a duplicate standard mass from Paris, as we have already 
practically indicated. Spring-balances are not, of course, 
sensitive and reliable instruments for accurate work. 

The centrifugal force due to the orbital motion of the 
earth round the sun is of practically negligible magnitude 
from our point of view, since it does not produce a very 
appreciable variation of g. 

While it is usual to speak of mass as weight or vice 
versd t there is, as we have seen, a fundamental distinction, 
and consequently it may be of interest to restate the 
relations based upon the second law of motion in view of 
our original argument. 

Let w « “ pull to earth ” in dynes at the place con- 
sidered. 

Let m mass in grammes (Paris standard). 

Let g « the velocity m centimetres per second at the 
end of one second imparted to the standard 
mass of 1 grm. (or, in tact, any mass) at the 
place considered «■ the acceleration in centi- 
metres per second per second (see above). 

Then— 

w = mxg and wjm — g. 

Taking figures, and assuming that m represents the 
mass, i.*., the unknown quantity to be found from the 
other two values, we have- 

981 » mx 981, 

m therefore * 1 = mass of gramme weight, which defines 
the mass as being a weight, as it were, which may be 
used to counterpoise a force of 981 dynes. 

One kilogrm. • xo* grms. - 9-81 x 10* dynes in the 
C.G.S. system, g being taken as 981. 

Returning now to our original statement of mass to 
weight being of unity ratio, we were considering a change 
or transformation in matter itself, so that originally it had 
not the property of gravitational attraction at all. Having, 
however, three dimensions, we could regard it as a sort of 
primary substance in a relative sense, keeping to our 
theory, and if such a substance could be placed on the pan 
of a balance (disregarding secondary disturbing effects), 
no weight could be measured by the Paris gramme standard, 
yet such a substance may have mass— perhaps electro- 
magnetic mass*— in a sort of inertia or momentum sense 
equal to, or perhaps greater than, the mass of the counter- 
weight ; hence we could say that if this primary substance 
could be transformed by a time influence, its weight would 
equal its mass, and the unity ratio would have a real 
significance, notwithstanding the relation «/- «xg, which 
is difficult to reconcile with electromagnetic mass, or with 
mass existing without weight (?). This might constitute 
electromagnetic mass, if we consider the / 5 -particle (nega- 
tive electron) as having electromagnetic mass and the 
y-particle (X-ray) as a jfl-particle which has lost its electro- 

* We know that light is an electromagnetic wave phenomenon, and 
that it exerts pressure. On very minute particles of matter it may, 
under certain conditions, exert a pressure greater than gravitational 
attraction. While this pressure effect does not necessarily contribute 
to the argument thatlight is a corpuscular phenomenon (wave motions 
are known to give rise to a forward pressure) the light rays may be 
vortex rings of eneigy (atoms) which alternately thread through each 
other, expanding and contracting, thus giving rise to a periodic pheno- 
menon that may be treated as an electromagnetic wave motion of an 
all-pervading aethenc medium, which in reality does not perhaps exist 
as such. It is as if we could take the long drawn-out lines of mag- 
netism of a magnet or coil and weave them into a fabric comprising 
minute closed-up vortex coils; then as this fabric is manufactured at 
the light source and hurled out “ broadside on/' its coils undergo a sort 
of Brownian movement in threading through each other, expanding 
and contracting in the process. We certainly could not conceive 
ordinary matter going through such peregrinations, and in this sense 
the electromagnetic mass may be be equally removed from ordinary 
mass as we experience it. Prom the study of radiation we might also 
conclude that light or radiation pulses react on matter, so that action 
is equal to reaction, otherwise we should have to question the validity 
of Newton’s third law of motion. 
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magnetic mass entirely, and gained a corresponding 
amount of weight-mass. Are we not here dealing with 
a material end of the spectrum ? This, of course, takes 
us beyond standard mechanics, or classical dynamics, as 
we should say. 

Stated in another way, we may consider a gramme 
standard of platinum transformed back into a weightless 
substance, but having, say, electromagnetic mass ; such a 
substance we cannot weigh, though we might somehow 
estimate its electric mass. Imagine this now placed upon 
the pan of a balance with a gramme standard on the other 
pan. No weight is registered, as it were. Now, suppose 
that this substance is transformed back (vi situ ) and that 
it then balances the gramme standard mass, we should 
then commonly say that it possessed a weight of 1 grm., 
and, being equivalent in every way to the counterpoise, 
we should also say that it had a mass of 1 grm. There- 
fore, by this argument, the ratio of its mass to its weight 
has become unity. 

If we now consider our weight removed to a place in 
space (x) where there is no reacting gravitational field or 
(2) where the forces cancel out so as to exert no directive 
gravitational pull on matter, we should say in the ordinary 
way that the ratio of weight to mass had become infinity. 

In this first case, what has become of the weight that 
was brought into existence by the transformation ? Is it 
possibly there in some other form ? Or, under such 
circumstances, have we to consider mass and weight in 
some sort of relativity sense ? Or, again, does this argu- 
ment prove the absurdity of the transformation idea, and 
signify that weight is a meaningless term by itself as dis- 
tinguished from mass, which seems relatively a real entity 
independent of place ? The second case is equally difficult 
of comprehension on the basis of a transformation. 

The latter inferences seem the most rational in some 
respects. The term weight is not in the sense implied by 
the transformation a capacity term or vehicle like a quart 
cup that will hold a quart of liquid, but a sort of relative, 
or, rather, dependent capacity-like term, just as the 
carrying power of a floating vessel depends not upon its 
size only, but upon the density of the supporting medium 
(the analogy is imperfect), so that the transformation has 
evidently brought about a condition or state of matter 
whereby its capacity to acquire weight when brought into 
a gravitational field fa proportionate to the masses involved. 

No special physical meaning fa here attached to the 
term gravitational field . It may be taken to represent 
three-dimensional space around bodies and across which 
they attract each other ; the so-called intensity of field is 
commensurate with the masses, and therefore, strictly 
speaking, is not an attribute of space, though it is con- 
venient to employ this term. We need not refer here to 
the variation due to distance, since this is implied in the 
geometry of space. 

There fa one other consideration that might be im- 
portant when studying problems such as the evolution of 
matter, and that is that the fundamental units to be 
derived experimentally from Nature (as distinguished from 
our present artificial system) may ultimately involve us in 
the conception of unity values below which we cannot go, 
so that even acceleration of gravity in such a system might 
be o or x or 2, and so on. Unity ratios might somehow 
obtain as a first step in a process of accretion of matter, 
and in this fundamental sense, such units would be of the 
nature of natural quanta. 


Basic Salicylates.— (Echiner de Coninck and M. 
G 6 rard.— The substituted salicylic acids, like the acid 

itself, give basic salts of the type C6H 4 < *>Mn. All 

these salts are amorphous, insoluble or hardly soluble in 
water, insoluble in the principal neutral solvents, soluble 
in mineral acids. When dried and calcined they readily 
char ; when moistened and heated they liberate phenol. — 
Comptes Rendus , cix., No. 19* 


BORNITE AS SILVER PRECIPITANT.* 

By CHASE PALMER, 

United States Geological Survey. 


In an introductory chapter of their studies in silver enrich- 
ment, Palmer and Bastin (“Metallic Minerals as Precipitants 
of Silver and Gold, 9 ' Economic Geology , 1913, viii., 140) by 
quantitative experiments have shown that chalcocite (Cu 2 S) 
is decomposed completely by a dilute solution of silver sul- 
phate. As a result of this reaction all the copper of the 
chalcocite enters the solution as cupric sulphate, while 
free silver and silver sulphide in equivalent amounts are 
deposited. Many years ago R. Schneider ( Pogg . Ann*, 
1874, chi., 471) recorded a similar observation on the 
conduct of cuprous sulphide (Cu 3 S) with dilate silver 
nitrate solution, but inasmuch as other observers have 
issued conflicting statements concerning the products of 
the reaction, it seemed advisable to study the reaction 
anew with silver sulphate solution. According to these 
recent experiments the proportions of the substances 
appearing in the reaction between chalcocite and silver 
sulphate solution may be expressed by the abbreviated 
equation Cu 3 S+2Ag 3 S0 4 »2CuS0 4 +2Ag+Ag 3 S. 

Anthon ffourn. Prak . C hemic, 1837, x., 353) had 
observed that by interaction with silver nitrate solution 
pure cupric sulphide (Cu#S») is changed completely to 
silver sulphide and soluble cupric nitrate without deposition 
of free silver, and this observation has been repeatedly 
confirmed by others. As a precipitant of silver ore, 
therefore, 1 grm. of pure covellite is capable of depositing 
2*26 grms. of silver in the form of silver sulphide. On the 
other hand, x grm. of pure chalcocite is capable of pre- 
cipitating 2*7 grms. of silver, one-half of which is com- 
bined with sulphur as silver sulphide and the other half is 
free silver. 

Conspicuous among the more complex sulphides com- 
monly associated with native silver is bornite. The 
mineral contains copper, sulphur, and iron, but its 
chemical composition has not been definitely settled. 
Analyses of bornite from different sources have led to 
several empirical formulae for it, such as Cu 3 FeS3, Cu 3 FeS 4 , 
and Cu X3 Fe 3 Sg. 

The constitution of bornite has been a favourite subject 
of speculation. The views of Rammelsberg and Groth 
illustrate the vacillations and uncertainties likely to follow 
sole reliance on composition as indicative of constitution. 
In 1841 Rammelsberg assigned to bornite the constitu- 
tional formula 3Cu 3 S«Fe a S3, by which all the copper is 
represented as present in the cuprous state. Later he 
considered all the iron of bornite to be ferrous iron and 
the copper to be partly cuprous and partly cupric, and to 
express these supposed conditions he ascribed to bornite 
the constitutional formula Cu a S.CuS.FeS. Groth has 
considered bornite to be strictly a cuprous substance, and 
has adopted the focmula 3Cu a S.Fe a S 3 which Rammelsberg 
had abandoned. 

It has been known for a long time that bornite 
immersed in a silver nitrate solution quickly develops on 
its surface a crop of silver crystals, but beyond the mere 
appearance of silver on bornite this striking phenomenon 
seems to have received no attention from mineralogists. 
Believing that a study of the capacity of bornite as a silver 
precipitant might throw light not only on the chemical 
composition of the mineral but also on the intramolecular 
relations of its constituents, the reaction of a specimen of 
bornite from Virgilina, Virginia, and dilute silver sulphate 
solution has been studied quantitatively. The specimen 
was massive, its freshly broken surfaces having a uniform 
colour. Metallographic examination of polished surfaces 
showed the presence of a few small grains of chalcopyrite 
and a few gashes of a dark grey mineral suggestive of 
chalcocite. The mineral was broken into Bmall fragments, 


* Published by permission of the Director of the United Sutes 
Geological Survey. From the Journal of the Washington Academy 
of Sciences, v., No. to. 
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and from these were chosen only those pieces in which 
under the magnifier no chalcopyrite could be detected. 
The granular pieces were washed with alcohol, and from 
these a second selection of bornite was made. In this 
way, it was believed, material representative of the true 
bornite in the specimen was obtained. An analysis of the 
material selected for study gave the content — 

Per cent, Atomic ratios. 

Copper .. 62*50 62*50-5- 63-4 - 0*986 4*74 

Iron .. .. 11*64 x 1*64 -5- 56 =.0*208 1*00 

Sulphur .. 25*40 25*40-5-32 = 0*794 3* Sl 


99*54 

These results agree fairly well with the requirements of 
the empirical formula Cu5FeS 4 . The relatively high pro- 
portion of iron suggests the presence of a small quantity 
of chalcopyrite, which in preparing the sample for study 
had escaped detection. 

Experiment with Silver Sulphate Solution, 

The finely ground mineral (0*5926 grm.) was digested 
first on the steam bath for six hours and afterwards at 
room temperature. After twelve hourB the solution was 
filtered from the insoluble material. From the deposit 
were obtained 0*5983 grm. of free silver and 0*6037 grm. 
of combined silver. Traces of copper were present in the 
residue, which also yielded— 

0*0643 grm. iron = 10*85 per cent of the mineral. 
0*1478 grm. sulphur = 24*94 per cent of the mineral. 

And from the solution were obtained — 

0*36x5 grm. copper = 61*00 per cent of the mineral. 
0*0053 grm. iron =* 0*89 per cent of the mineral. 

Atomic proportions of the copper dissolved by the silver 
solution and the iron and sulphur recovered from the 
residue 

Per cent. 


Copper 6i*oo -5- 63*4 » 0*962 

Iron.. ,, .. .. 10*85 -5- 56*0 w 0*193 

Sulphur 24*94 -5- 32*0 » 0*780 

and 

Cu. Fe. S. 


0*962 : 0*193 : 0*780 = 4 98 : x*o 1 4*04 

The results obtained by this chemical reaction approxi- 
mate the requirements of the empirical formula CusFeS 4 
more closely than do the results obtained by a gross 
analysis of the sample. 

Atomio proportions of the dissolved copper and the 
precipitated silver products : — 


and 


Dissolved copper 
Free silver , . 
Combined silver 


Percent. 

61*00 -5- 63*4 * 0*962 
100*9 4* I0 7*9 ** 0*935 
X0X*8 -5- 107*9 o*943 

Free Combined 
Copper. silver. silver. 


0*962 : 0*935 : 0*943 "** x-oo : 0*97 : 0*98 


This experiment shows that for every atom of copper 
dissolved by the silver sulphate solution one atom of free 
silver and one atom of combined silver in the residual 
material are deposited. It is apparent therefore that the 
copper of this bornite is cuprous, just as it is in chalcocite, 
and to express the cuprous nature of the copper it is con- 
venient to use for this bornite the formula 5Cu 2 S.Fe 2 S3, 
after the dualistic system. This formula may be con- 
sidered a constitutional formula for the mineral under 
examination, and its corresponding molecular formula 
becomes CuipFeaSs. 

The proportional amounts of the substances partici- 
pating in this reaction of bornite may therefore be ex- 
pressed by the equation— 

Cux 0 FeaS8 + ioAgaS0 4 » xoAg + Ag I0 Fe a S$ + xoCnS0 4 . 


Thus x grm. of this bornite is capable of precipitating 
2*X5 grms. of silver as silver and silver sulphide. In 
strong contrast with the reactivity of its cuprous con- 
stituent is the inertness of the sulphoferric portion of the 
bornite. 

Inasmuch as the group Fe 2 S 3 is not known to exist as 
an independent mineral, the formation of a silver ferric 
sulphide as one of the products of the reaction of bornite 
with silver sulphate solution maybe presumed. Moreover, 
from the stability of the compound residual products it 
seems not improbable that in regions abounding in silver 
deposits associated with bornite some silver sulphoferric 
mineral as a secondary product may yet be found. It is 
hoped that further study of the conduct of copper iron 
sulphide minerals with silver salt solutions will shed light 
on the chemical relations which sternbergite and its allied 
mineials bear to one another. 


A SIMPLIFIED FERROUS SULPHATE METHOD 

FOR THE DETERMINATION OF VANADIUM 
IN STEEL. 

By GEORGE T. DOUGHERTY. 

In the application of Johnson’s (“Analysis of Special 
Steels”) or similar methods for the determination of 
vanadium in steel considerable difficulty is often ex- 
perienced in producing a colourless or *« old rose ” shade 
with ferrous sulphate in the solution, containing an excess 
of permanganate after the preliminary oxidation of the 
vanadium, and in obtaining consistent results on blank 
steels and vanadium steels. To obviate this difficulty the 
following method has been developed, in which this oxida- 
tion of the vanadium is effected by a sufficient quantity of 
nitric acid alone or with ammonium persulphate. 

Method-Treat 2 to 4 grms. of the drillings in a 500 cc. 
Erlenmeyer flask with 60 cc. of water and 10 cc. concen* 
trated sulphuric acid. After heating the solution nearly to 
boiling until solution is complete, add 40 cc. of nitric acid 
(sp. gr. 1*20), and boil thoroughly for ten minutes to 
oxidise the iron and vanadium and to expel the last traces 
of nitrous fumes. Cool the solution, aud Go cc. of cold 
sulphuric acid (t : 2), and dilute in a 600 cc. beaker to 
450 cc. Add 3 cc. of a freshly prepared 1 per cent solu- 
tion of potassium ferricyanide, and titrate rather rapidly, 
with constant stirring, with 0*05 N ferrous ammonium 
sulphate, to the appearance of the first dark blue colour. 
The end point can best he observed by looking through the 
side of the beaker toward the bottom of the beaker, placed 
directly before a window. Deduction of a blank of 0*4 cc. 
of the ferrous solution has been found necessary, and is 
independent of the weight of the sample, the presence of 
chromium, and of the carbon content up to 0*5 per 
centC. 

For steels with over 0*50 per centC, the blanks are higher, 
and, moreover, with 4 grm. samples of such steels, the 
end point is rendered indistinct by a turbidity which 
appear b toward the end of the titration. This difficulty 
may be avoided by adding to the solution immediately 
after the boiling with nitric acid as above 60 cc. of x : 2 
sulphuric acid and 5 to 8 grms. of ammonium persulphate 
(which in the absence of stiver nitrate will not oxidise the 
Cr and Mn), and continuing to boil for fifteen minutes, so 
that all nitrous oxides and hydrogen peroxide are expelled. 
(Before this second boiling wash down with hot water 
loose specks of the persulphate which stick to the glass). 
Cool, dilute, and titrate as above. After such treatment 
the blank is 0*35 (instead of 0*4 cc.) for steels with under 
0*5 per cent C, and 0*5 cc. for o*6o to 0*70 C, and 0*6 cc. 
for 0*90 to 1*25 C steels. The blanks are the same with 
or without the persulphate treatment for steels of over 
0*50 per cent carbon. 

The ferrous ammonium ulphate solution may be 
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standardised against o 1 N permanganate) the strength of 
which has been determined with sodium oxalate. The 
iron value of the permanganate multiplied by 0*917 gives 
the vanadium value. 

By this method the following results were obtained, the 
chromium in experiments 9, 10, 13, and 14 being added as 
KaCr a 07 before the solution of the steel. 

The following steels were employed : — 

A—U.S. Bureau of Standard Sample No. 2*, containing 
0*15 per cent V, 0*35 per cent C, and a trace of Cr. 

B— U.S. Bureau of Standards Sample No. 30, containing 
o*2i per cent V, 0*37 per cent C, and 1*35 per cent 
Cr. 

C— A steel casting, containing 0*215 per cent V, 0*30 per 
cent C, and no Cr. 

D —A plain steel, containing 0*85 per cent C. 

E — A plain steel, containing 1*25 per cent C. 

Table A. — Vanadium Determinations by Simplified 
Method. 




Weight of 

Persulphate 

Vanadium 

Expt. 

Sample. 

sample. 

added. 

found. 



Grms. 

Grms 

G.ms. 

I 

A 

2 

0 

0 148 

2 

A 

4 

0 

0*146 

3 

B 

2 

0 

0*206 

4 

B 

4 

0 

0*208 

5 

C 

2 

0 

0*216 

6 

C 

4 

0 

0 216 

„ J 

[ 0 

2 

0 

0*222 

7 1 

1 D 

2 



a 1 

! C 

2 

0 

0*210 

8 1 

lE 

2 




c 

2 

0 

0*210 

9 

D 

2 




[ i*3 p.c* Cr 





C 

2 

0 

0*200 

10 

E 

2 




1*3 p.c. Cr 





C 

2 

7 

0*216 

11 

( D 

2 



1 

[ C 

2 

7 

0*2l6 

12 , 

1 E 

2 




( c 

2 

7 

0*216 

13 ‘ 

D 

2 




[ 1*3 p.c. Cr 




% 

I c 

2 

7 

0*210 

14 ■ 

E 

2 




[ z*3 p.c. Cr 





Fiom these results it is apparent that in general for 
such materials the method is accurate to o*z per cent 

vanadium. 

If chromium also is to be determined, it is determined 
in a separate portion of the sample, using any of the 
usual volumetric methods.— Journal of Industrial and 
Engineering Chemistry , vii., No. 5. 


THE SEPARATION OF MAGNESIUM FROM 
LITHIUM BY MEANS OF AMMONIUM 
CARBONATE IN ALCOHOLIC SOLUTION. 

By J. GRAY DINWIDDIE. 

The following work was undertaken to determine the con- 
ditions under which lithium may be separated quanti- 
tatively from magnesium by means of ammonium 
carbonate in alcoholic solution. It has been shown 
(Gooch and Eddy, Am. youm. Set., 1908 [4], xxv., 444) 
that by the agency of such a solution magnesium may be 
separated quantitatively from sodium and potassium, and 
that very small amounts of magnesium may be detected 
qualitatively in presence of limited amounts {100 mgtm.) 
of lithium (Noyes and Bray, “A System of Qualitative 


Analysis for the Common Elements,” Technology 
Quarterly , xxii., 472). In the quantitative procedure the 
solution containing the salts of magnesium, sodium, and 
potassium is brought to a volume of about 50 cc., an 
equal amount of absolute alcohol is added, precipita- 
tion is made by addition of 50 cc. of a saturated 
ammoniacal solution of ammonium carbonate in 50 per 
cent alcohol, and the mixture is allowed to stand half an 
hour after stirring vigorously for five minutes. If the 
amount of alkali salt present is small, the precipitate may 
be collected without further treatment upon asbestos in 
the perforated crucible, washed with the precipitant, 
dried, ignited, and weighed as magnesium oxide. When 
the amount of alkali salt is large the precipitate may be 
freed from included alkali salt by decanting the super 
natant liquid through the prepared asbestos filter, 
dissolving the precipitate in hydrochloric acid, and 
reprecipitating by ammonium magnesium carbonate as at 
first. This second precipitate, collected upon the filter 
used in the decantation, leaves upon ignition a practically 
pure magnesium oxide. The essential condition of this 
process is that precipitation shall be brought about by a 
considerable excess of ammonium carbonate in a 50 per 
cent alcoholic solution. 

In the work to be described it was convenient to make 
use of 93 per cent alcohol instead of absolute alcohol in 
making up the solution to be treated and the precipitant, 
but the proportions of solution and precipitant were so 
adjusted that the liquid at the time of precipitation should 
be 50 per cent alcohol. 

The alcoholic solution of ammonium carbonate was 
made by mixing 1500 cc. of the saturated aqueous solu- 
tion of that reagent with 360 cc. of concentrated 
ammonium hydroxide and 1900 cc. of 93 per cent alcohol, 
settling out the precipitated ammonium carbonate and 
filtering off the clear solution. In carrying out the deter- 
minations, portions of the magnesium chloride solution 
(15 to 20 cc.) were measured out and carefully weighed, 
lithium chloride was introduced in the amounts stated, 
25 cc. of 93 per cent alcohol and 50 cc. of the preepitating 
mixture were added, the mixture was stirred vigorously 
(for perhaps a minute) and set aside for five hours or 
more. The supernatant liquid was decanted upon asbestos 
in the perforated crucible (weighed), the precipitate was 
stirred up with more of the precipitating mixture and 
allowed to settle, and the liquid was again decanted upon 
the same asbestos filter. In the cases in which a single 
precipitation was employed the precipitate was simply 
transferred to the filter and washed with the precipitating 
mixture, and ignited to constant weight. When two pre- 
cipitations were made in order to remove possible inclu- 
sions of lithium salt from the precipitated ammonium 
magnesium carbonate, the precipitate was dissolved in the 
least necessary amount of hydrochloric acid, the solution 
was diluted to a volume of zo cc., 13 to 15 cc. of 93 per 
cent alcohol and 50 cc. of the precipitant were added, and 
the precipitate was transferred, washed, and ignited as 
described. 

Tables I. and II. show the results obtained with solu- 
tions of magnesium chloride with and without the addition 
of lithium chloride in varying amount. The mean of the 
three determinations in which the solution contained no 
lithium salt was taken to fix the value of the magnesium 
solution, and by comparison with this standard the errors 
of the single determinations were computed. 

It will be seen that while the separation of 0*2 grm. of 
magnesium oxide from lithium amounting to 0*5 grm. of 
the chloride, or 0*083 gnn. of the element, maybe reason- 
ably good in a single precipitation, the ammonium 
magnesium carbonate only once precipitated is largely 
contaminated, presumably with lithium carbonate, when 
the amounts of lithium are considerably greater. Two 
precipitations made in the manner described will yield, 
however, a very fair separation of the magnesium (about 
o*3 grm, of the oxide) from lithium chloride equivalent to 
0*2 grm, to 0*3 grm, of the element 
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Table I .—Standardisation of the Magnesium Solution , 


Solution 

MgO 

MgO found per 

MgClg. 

found 

grm. of solution. 

Grms. 

Grm. 

Grm. 

20*4071 

0*2788 

0*013662 la) 

20*3956 

0*2779 

0*013626 \a) 

15*4271 

0*2108 

0*013664 (6) 


Average .. .. 0013651 

(a) One precipitation. 

(h) Two precipitations ; washings made with precipitant 
saturated with precipitate. 

Table II.— Separation of Magnesium from Lithium . 


Solution 

LiClss 

Li taken. 

MgO 

MgO 


No. of 

ofMgCl* 


- 

taken. 

found. 

Error, precipita- 

Grms. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm, 

lions. 

14*8191 

0*5 

0*083 

0*2023 

0*2028 

4 0*0005 

X 

15*1409 

1*0 

0*x66 

0*2067 

0*3191 

+ 0*1124 

X 

20*7421 

o *5 

0*083 

0*2831 

0*2834 

40*0003 

2 

20*1706 

o *5 

0*083 

0*2753 

0*2761 

+0*0008 

2 

19*9744 

I 25 

0*207 

0*2727 

0*2730 

4 0-0003 

2 

20*3998 

1*25 

0*207 

0*2785 

0*2783 

-O'OOOI 

2 

19-9291 

2*10 

0*347 

0*2718 

02730 

+ 0*0012 

2 


The author wishes to thank Prof. Gooch for advice and 
assistance in carrying out the above work. — American 
Journal of Science, xxxix., No. 234. 


THE MANUFACTURE OF ACID PHOSPHATE.* 

By WM. H. WAGGAMAN, Scientist in Fertiliser Investigations. 

(Continued from p. 299). 

Impurities in Phosphate Rock (continued). 

Compounds of Iron and Aluminium . 

Iron and aluminium oxides, either in the free state or 
combined as phosphates, are the most objectionable of 
the impurities found in phosphate rock. These sub- 
stances even when present in very small quantities cause 
a ceaam amount of “reversion” in the superphosphate, 
and when present in large quantities are likely to produce 
a sticky acid phosphate unfit for commercial purposes. 

The phosphate of iron in natural occurrences may con- 
veniently be represented by the formula FeP 0 4 , although 
actually it is probably of an indefinite composition. The 
exact reactions that take place when this substance is 
treated with sulphuric acid are not known. Unquestion- 
ably, however, the iron is distributed between the two 
acids. A mixture of “ sticky * disagreeable physical pro- 
perties results, the composition of the solid part of the mix- 
ture changing with the composition of the liquid part 
which is formed at the same time. Both the solid and 
the liquid contain all three constituents — iron, sulphuric 
acid, and phosphoric acid. Dilution of this liquid mass 
by the addition of water causes a precipitation of more 
jelly-like material containing relatively more iron and 
phosphoric acid than sulphuric acid. The general course 
of the reactions are sufficiently well known to justify the 
assumption that they go mainly according to the following 
equations 

*FeP0 4 +3H*S0 4 ^ Fe*{S 0 4 ) 3 +aH,P 0 4 

But a part of the iron sulphate produced reacts with the 
phosphoric acid or monocalcium phosphate in the mass 
forming hydrated phosphate of iron, the gelatinous pre- 
cipitate almost insoluble in water, and when present in 
any quantity causing the acid phosphate to be sticky and 
difficult to handle. The reactions may be represented 
thus 

* Bulletin 144* U.S, Department of Agriculture, Bureau of Soils, 


Iron Phosphoric Water Hydrated iron Sulphuric 

sulphate. acid, or steam. phosphate. acid. 

Fe a (S 0 4 ) 3 \ 2 HsP 0 4 + A ll z Qz=^tfeY>Q 4 . 2 lhO \ 3 H a S 0 4 
According to Fritsch, however, 2 per cent of iron oxide 
in the raw material is not objectionable, because the 
quantity of iron sulphate produced therefrom remains 
unaltered in the superphosphate (“ Manufacture of Chemi- 
cal Manures,” 1911, p, 78). It is true that in properly 
made acid phosphate nearly all of the phosphoric acid is 
soluble in water even though there is sufficient iron present 
to cause part of it to revert, but Fritsch is probably in 
error in attributing this to the fact that the iron is all in 
the form of sulphate. Schneider (Zeit. Anorg , Chew., 
1894, v., 84 ; vii., 386) has shown experimentally that 
solutions of sulphate of iron increase the solubility of iron 
phosphate, and Cameion and Bell have demonstrated that 
gypsum, lime, and phosphoric acid also increase the 
solubility of this substance (Bull. 41, Bureau of Soils, U.S. 
Dept. Agr., 1907). 

Hydrated iron phosphate may be converted into the 
anhydrous and less soluble condition by reacting with 
anhydrous calcium sulphate; the last-named compound 
being converted into gypsum, thus - 

Hydrated Anhydrous Anhydrous iron 

iron phosphate calcium sulphate. Gypsum. phosphate 

FeP0 4 2H 2 0 + CaSD 4 =?±:«CaS04.2HaO + FeP 0 4 

This last reaction partly explains why acid phosphate in 
excellent mechanical condition, bnt with a relatively high 
percentage of phosphoric acid insoluble in water, is often 
made from rock containing large quantities of iron and 
aluminium. 

Compounds of aluminium react in a manner similar to 
those of iron, but to a less marked degree. 

Fertiliser manufacturers and authorities differ widely on 
the question of what constitutes the maximum quantity 
of iron and alumina that a phosphate rock can contain 
and still be useful in the manufacture of acid phosphate. 
Wyatt says that phosphates containing from 6 to 8 per 
cent of iron and alumina may be used, provided there is 
sufficient carbonate of lime present to produce a dry 
pulverulent mass (“ Phosphates of America,” 1891, p, xn). 
Schucht (“Die Fabrikation des Superphosphates,” 1909, 
p. 79) and Fritsch (“ Manufacture of Chemical Manures,” 
1911, p. 78) are inclined to consider any quantity of iron 
and alumina in excess of 3 per cent as undesirable. 
Stillwell states that phosphates containing trom 4 to 6 per 
cent of these oxides can be handled, but the presence of 
more than 2 per cent is objectionable (“ Industrial Chomis- 
tiy,” 1912, p. 403). 

Thousands of tons of high-grade acid phosphate, how- 
ever, are now annually made from Tennessee brown rock 
phosphate containing as high as 5 per cent of the com- 
bined oxides of iron and aluminium, and though the 
handling of such phosphates necessitates an increased 
consumption of sulphuric acid, there seems little reason 
why they should not be used in making acid phosphate, 
provided they are so manipulated that a dry readily work- 
able product is obtained. 

Carbonates of Lime and Magnesia . 

Carbonates are frequently very desirable impurities in 
phosphate rock, provided they do not occur in quantities 
so great that the percentage of phosphoric acid present is 
materially reduced. The carbonic acid is usually com- 
bined with lime, and it is in this form that it is con- 
sidered here. Sulphuric acid acts upon calcium carbonate 
to form calcium sulphate, water or steam, and carbon 
dioxide, which escapes as a gas. The reaction may be 
represented thus,— 

Sulphuric Calcium Calcium b Water or J Carbon 

acid. carbonate, sulphate. steam, dioxide. 

H a S0 4 + CaC 0 3 * CaS 0 4 + H a O + CO a 

If sufficiently diluted sulphuric acid is k used the excess 
of water combines with the calcium sulphate to form 
gypsum. Modifying the above equation, therefore, we 
obtain 
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Manufacture of 

S ulphuric Calcium Carbon 

acid. Water, carbonate. Gypsum. dioxide. 

H SO + H a O + CaC 0 3 - CaS0 4 .2H a 0 + CO a 

The advantages of having small quantities (and in some 
cases large quantities) of carbonate of lime present in 
phosphate rock are threefold : — First, the heat evolved in 
the reaction between carbonates and sulphuric acid is 
sufficient to warm the pasty mass of acid and phosphate 
rock, and thus promote chemical action between these 
more slowing reacting substances ; second, the escape of 
carbon dioxide from the mass renders the acid phosphate 
porous and more readily dried; and third, the gypsum 
formed prevents the formation of the gelatinous iron and 
aluminium compounds, and thus helps render the product 
dry and in good condition for distributing or mixing with 
other fertilising ingredients. 

Reversion op Superphosphate. 

The reversion of superphosphate, as the term implies, 
originally meant the return of the phosphoric acid to a 
condition insoluble (or nearly so) in water. In reality the 
expression “reverted” phosphoric acid is now wrongly 
used in a much broader sense, and includes all of the 
phosphoric acid of superphosphate which is soluble in 
certain citrate solutions. In this paper, however, reverted 
horic acid is used in the strict sense of the word, 
en a superphosphate is allowed to stand and take up 
water from moist air, as it sometimes does while in 
storage *, or is diluted by the soil water when it is applied 
to the soil ; or is added to an excess of water, as is done 
in the laboratory before commencing analytical operations, 
then, in any one and in all of these cases, less soluble 
compounds of phosphoric acid are formed. If compounds 
of iron and aluminium are present the formation of phos- 
phates insoluble in water is much more marked. This 
general process is known as reversion, and the super- 
phosphate is Baid to have reverted , and the product is 
called reverted phosphate . The theory of this reversion is 
now clearly understood, owing to the investigations in this 
country of Cameron and Bell (Bull. 41, Bureau of Soils, 
U.S, Dept. Agr., 1907) and Seidell ( foum . Am. Chem. 
Soc ., 1905, xxvii., 1503), and of Bassett in England 
(Chemical News, 1907, xcv,, 21 ; Zeit . Anorg . Chem., 
1907, liii,, 34), who have shown that certain concentra 
tions of phosphoric acid or of other acids must exist in tht 
water in contact with a calcium or iron phosphate for tht 
solid definite “acid” compounds to be stable. Dilution 
of the acid liquor causes the solids to decompose into 
more basic and less soluble compounds. While the 
theory of these phenomena has been made clear only 
recently, the main facts have long been known, and as is so 
commonly the case, certain popular misconceptions have 
held sway long enough to become regarded as facts even 
by many well-trained chemists. Thus, it is popularly held 
that monocalcium phosphate is soluble in water, but 
dicalcium phosphate is not; dicalcium phosphate is in 
turn soluble in certain citrate solutions, while tricalcium 
phosphate is not, and on these supposed facts methods for 
separating the three compounds have been suggested. 
Moreover, it is held that while the water-soluble mono- 
calcium phosphate and citrate soluble dicalcium phos- 
phate are “available” to plants, more basic phosphates 
are not. 

The facts are that the presence of citric acid or am- 
monium citrate in the water does increase the solubility of 
the phosphates of lime, iron, and alumina, and it has been 
shown by field tests that phosphates soluble in such 
solutions are more quickly active under soil conditions 
than those which do not dissolve in the same mediums. 
Hence a convenient control or “police” method of 
analysing commercial fertiliser containing phosphates has 
been developed. But the “citrate solubility” gives no 
definite information about the constitution of the phos- 

hate. The actual phenomena involved in reversion can 

e best followed by the microscope. 
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Reversion is, however, a reality, and one to be carefully 
avoided. Tbe reverted phosphate is frequently difficult to 
handle, and even if its mechanical condition is good and 
the phosphoric acid present is classed as available 
according to the official method of analysis, many con- 
sumers seriously object to its use because the percentage 
of water soluble phosphoric acid present is relatively low. 
Moreover, reverted phosphate is net easily susceptible to 
re-treatment in the factory, and usually the manufacturer 
can better afford to throw it away than attempt to work it 
over in competition with untreated raw rock. 

Method of Manufacture. 

Grinding the Rock . 

The phosphate rock is first put through a crusher and 
broken in pieces not larger than a walnut. This crushing 
is hardly necessary in the case of Florida pebble phosphate 
or the screenings from the hard rock phosphate, since the 
pebbles and fragments are usually small enough to be fed 
directly to the mill. 

The pulverisers for phosphate rock that are probably 
most widely used in this country are those of the roller 
type, in which the material is crushed by steel rollers 
revolving within a steel ring. Sometimes the ring within 
which these rollers revolve is rigid and tbe power is trans- 
mitted through the rollers. In another form of mill, the 
ring is revolved by a shaft, and the rollers are revolved in 
turn by the ring. 

There are a number of different makes of these 
pulverisers, but space does not permit a detailed explana- 
tion of their construction. For convenience they all may 
be placed in one of two broad classes, namely, the type 
which combines both grinding machinery and screens in 
one, and the type which discharges the partly ground 
material into elevators to be subsequently screened or 
separated, the coarser material being returned to the mill 
for further grinding. 

Mills of the first type occupy but little space, do not 
require auxiliary screens and conveyors, and the grinding 
is all finished in one operation. The fact, however, that 
the pulverised phosphate is not separated from the coarser 
rock until forced through the screens within the mill cuts 
down somewhat the efficiency of this type of machine, 
since considerable space and power is always taken up by 
material already ground. Another disadvantage of this 
type of mill is that any clogging of the screens or break in 
the same necessitates the shutting down of the entire mill 
while the damage is repaired. The manufacturers of the 
other type of mill claim to have overcome these dis- 
advantages in their machines ; the ground material is con- 
tinually discharged from tbe mill and separated from the 
coarser rock by passing through revolving or over vibrating 
screens. Any trouble with a screen can be corrected 
without stopping the mill by simply cutting off the supply 
of rock to that screen. Since the material flows over the 
screens instead of being forced against them as in the case 
of the other type of mill, the repairs necessary on the 
screens are reduced to a minimum. This type of mill, 
however, with its auxiliary screens and conveyors, takes 
up considerable space, costs more to install, ana requires a 
greater amount of supervision. 

The amount of material which can be pulverised per 
hour depends on the size of the mill, the character of the 
phosphate rock used, and the degree of fineness to which 
it is ground. A mill of the size usually employed in 
fertiliser factories may grind from zo to 12 tons per hour 
of Tennessee brown rock phosphate to pass a 60-mesh 
sieve, but this mill will probably not grind more than 7 or 
8 tons of pebble phosphate to the same degree of fineness 
in that period of time. 

A very ingenious ball mill is that of Pfeiffer (German 
patent No. 1x6,195). The grinding is done by means of 
steel balls or flint pebbles, and the separation of the fine 
material from the coarse is effected by means of a current 
of air. All loss of time due to the clogging and repairing 
of screens is thus avoided, and a product of any degree ox 
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Table III.— Weight of “ Chamber Acid ” of various Strengths required to convert One Pound of each of the Ingredients 

of Phosphate Rock into Soluble Compounds . 

Quantity and strength of acid lequucd. 

Material acidulated— Ingredient. 

Tricalcium phosphate, Ca 3 (P0 4 )2 


of the air current. 

The degree of fineness to which phosphate rock is 
ground often has a very important effect on the acid phos- 
phate produced therefrom. Phosphate rocks low in 
carbonates and high in iron and aluminium are but slowly 
acted upoo by sulphuric acid, and should therefore be 
ground very fine. Phosphates containing large quantities 
of carbonate of lime are acted upon quite rapidly, and con- 
sequently do not require extremely fine grinding. In 
ordinary practice the rock is usually ground so that 80 to 
90 per cent will pass a 60-mesh sieve, but in working with 
less soluble phosphates it is frequently desirable to grind 
them so that 80 to 85 per cent will pass an 80-mesh sieve. 

Quantity , Strength , and Temperature of Sulphuric Acid . 

The quantity and strength of sulphuric acid which 
should be used in treating phosphate rock is a perplexing 
problem, yet many manufacturers give it little considera- 
tion, proceeding in a “rule of thumb ” manner without 
regard to the composition of the rock. The reason why 
many of these latter obtain such good results may be 
explained by the fact that they have been using one grade 
of rock for years, and have thus learned by actual experience 
the proper proportions of acid and rock to use. A 
sudden change in the composition and grade of the phos- 
phates often results in a loss of both acid and rock in 
attempts to find the quantity of acid required for this new 
material. While actual trial mixings should be made 
when testing out a new grade of phosphate, these tests 
should be intelligently conducted with due regard to the 
composition of this rock. Take, for example, a sample of 
high-grade Florida hard rock phosphate having the fol- 
lowing composition 

Per cent. 

Moisture 0*5 

Calcium fluoride, CaF^ 4*5 

Tricalcium phosphate, Ca 3 (P0 4 ) 2 . . 8o*o 

Calcium carbonate, CaC0 3 . . . . 3*5 

Aluminium phosphate, A1P0 4 . • . . 6*0 

Silica S1O2 5 ‘5 

Total . . .. ioo'o 

The problem is to convert the phosphoric acid of this 
rock into a soluble form and yet obtain a dry product 
which can be uniformly spread on the soil or readily mixed 
with other ingredients to make up a complete fertiliser. 
The reactions which are desired may be represented in 
their simplest form, thus : — 

x. Conversion of tricalcium phosphate to monocalcium 
phosphate and calcium sulphate 

1 molecule 2 molecules 1 molecule 3 molecules 

Ca,(P0 4 ) 2 + 2H a S0 4 » CaH 4 (P0 4 )a + 2CaS0 4 
Wt.310. Wt. 196. Wt. 23 1. Wt. 2jra. 

2. Conversion of calcium fluoride to hydrofluoric acid 
and calcium sulphate 

x molecule x molecule 2 molecules x molecule 
CaFa + H 2 S0 4 s= 2HF >f CaS0 4 
Wt. 78. Wt.98. Wt.40. Wt 136. 

3. Conversion of iron phosphate to iron sulphate and 
phosphoric acid : — 

2 molecules 3 molecules x molecule 2 molecules 
2FeP0 4 f 3H2SO4 « Fe 2 (S 0 4 ) 3 + 2H 3 (P0 4 ) 

Wt. 302. Wt. 2 9*. Wt 400, Wt, X90 


48° B. 

49 ° B, 

5o j B. 

51° B. 

53 ° B. 

53 ° B. 

5 I’B. 

55° n. ’ 

Lbs. 

Lbq. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

.. X*o6o 

1*040 

0*0l6 

0*992 

0970 

0-1) |8 

0*927 

0 907 

.. 2*117 

2*067 

2*019 

1*972 

1*928 

1*885 

f«43 

1 4 8oJ 

.. 1*640 

x*6oi 

1-564 

1*528 

1*491- 


1* |28 

i*397 

, . 2*023 

x-975 

f 9*9 

1*885 

1*842 

1*801 

1*761 

1*723 

.. 1*652 

1*613 

1-576 

1*539 

1*504 

1*471 


1*407 

dating the strength 

4. Conversion of aluminium phosphate to 
sulphate and phosphoric acid : — 

aluminium 


2 molecules 3 molecules x molecule 2 molecules 
2A1P0 4 -f- 3H*S0 4 « A1 2 (S0 4 ) 3 + 2lI 3 P0 2 
Wt.315. Wt 394. Wt.343. Wt. x<,6, 

5. Conversion of calcium carbonate to calcium sulphate, 
carbon dioxide, and water : — 

x molecule 1 molecule 1 molecule x molecule x molecule 
CaC0 3 + HaS04 =* CaS0 4 -f- C0 2 -f H 2 0 
Wt 100. Wt. q8. Wt. 136. Wt.44. Wt, 18. 

If 196 parts by weight of sulphuric acid are required to 
convert 310 parts of tricalcium phosphate into mo no- 
calcium or soluble phosphate, then 0*632 part of acid will 
be required for every 1 part of tricalcium phosphate. If 
we use ordinary “ chamber acid n of 50° B. strength which 
contains, according to the table on p. 298, 62*18 per cent 
of sulphuric acid, x *ox6 parts will be necessary for every 
x part of tricalcium phosphate. 

In Table III,, modified from one prepared by Wyatt 
(“ Phosphates of America”), is given the quantity of sul- 
phuric acid of various strengths necessary to bring about 
the reactions outlined above. 

Table IV. gives the quantities of sulphuric acid of 
various strengths required for every xoo pounds of the 
phosphate rock. 

Tablf. IV.— Quantities of « Chamber Acid ” required 
(theoretically) to Convert too Pounds of Plorida Hard 
Rock Phosphate into Acid Phosphate . 




Strength and quantities of acid 



required for ton pounds of rock. 

Components of rock. 

Per cent. 



— 




48° B, 

H. 

S/’B. 

54 N* 



Lbs, 

Lbs. 

Lbb, 

Lb‘l. 

Tricalcium phosphate, 






Ca 3 (P0 4 )2 . . . . 

8o*o 

84*8 

hi -3 

77-6 

74 ‘X 

Calcium fluoride, CaF 2 

4*5 

9*5 

9*1 

87 

8*3 

Iron phosphate, FeP0 4 





— 

Aluminium phosphate, 






AIPO4 

6*o 

12*1 

ji*6 

XI*X 

10*6 

Calcium carbonate, 






CaC0 3 • • •• . * 

3*5 

5-8 

5*5 

5*3 

5*° 

Silica, S1O2 . . . . 

5*5 




— 

Moisture, H 2 0 , . . . 

o*5 

— 

— 

— 

— 

Total .. •• 

— 

1X2*2 

I0 7'5 

102*7 

98*0 


It has been found, however, that the quantity of sul- 
phuric acid theoretically required to convert phosphate 
rock into acid phosphate does not always produce the best 
results. The physical condition of the acid phosphate b 
just as important as its chemical composition, and some- 
times the proper mechanical condition cannot be obtained 
except by sacrificing some of the water soluble phosphate. 
In factory practice it is often well, therefore, to add a little 
less sulphuric acid than is necessary to satisfy the equations 
outlined above. 

The strength of sulphuric used is another detail of great 
importance in the production of acid phosphate. The 
quantity of strong acid sufficient to bring about the desired 
chemical reactions is of such small bulk and has such a 
viscosity that it is difficult to obtain an intimate mixture 
with the ground phosphate; moreover, the calcium sul- 
phate produced, being much less soluble in strong than in 
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weak sulphuric acid (Bull. 33, Bureau of Soils, U.S. Dept, 
of Agr., xgofi, p. 41), forms a relatively insoluble coating 
over the phosphate, preventing further action by the acid. 

On the other hand, if very dilute acid is employed, the 
amount required to bring about the necessary chemical 
reactions is so great and so much water is contained 
therein that it is almost impossible to obtain a product in 
good mechanical condition. The strength of acid with 
which the best results are ordinarily obtained ranges from 
50° to 55° B., though phosphates very high in iron and 
aluminium compounds sometimes yield better to slightly 
stronger acid. 

There is considerable difference of opinion concerning 
the temperature at which sulphuric acid should be added 
to phosphate rock. Some manufacturers, however, give 
little heed to this important point, mixing their acid and 
rock in the same proportions winter and summer at what- 
ever temperature the air happens to be. Others believe in 
heating the acid to 50° to 55 0 C. before using, while many 
others claim it is bad practice to use acid at a temperature 
below 25 0 or above 30° C. 

It is obviouB that this matter should not be disregarded 
entirely, for in mixing acid and rock either very low or 
excessively high temperature may seriously affect the pro- 
duct. No definite rule, however, can be prescribed, for 
here, again, the composition of the phosphate used is the 
controlling factor. 

Phosphates containing large quantities of carbonates 
heat up rapidly when mixed with sulphuric acid. If the 
mixture becomes very hot violent frothing occurs, and the 
mass is apt to overflow from the pan. Rocks of this type 
should not be treated with hot acid. ^ When dealing with 
phosphates high in compounds of iron and aluminium, 
however, it often saves time to use acid heated to a tem- 
perature of 50° to 55 0 C. The reactions then begin 
promptly in the pan, and the mixture can be dumped 
without fear of its cooling before the final chemical changes 
take place. 

Mixing the Acid and Rock . 

When the manufacture of acid phosphate was first sug- 
gested by Liebig, and for many years afterwards, the 
mixing process was all done by hand. Certain proportions 
of acid and rock were dumped into shallow open pits or 
troughs, and worked with hoes in a manner similar to 
that in which mortar is mixed. The material was then 
allowed to stand in the pit until the chemical reactions 
were complete and the superphosphate dry enough to be 
dug out. The modern factory process has almost entirely 
displaced this pioneer method of making acid phosphate. 
Machines are now employed which are capable of mixing 
efficiently, in two to five minutes, quantities of rock and 
acid weighing from 1 to 2 tons. 

There are several types of mixers or acidulators used in 
this country, and the following general description applies 
to almost all of those ordinarily employed : — A cast-iron 
revolving pan from 4 to 8 feet in diameter and from 1 to 2 
feet deep is driven ( by pinions. The pan is equipped with 
either one or two agitators or stirring devices which consist 
of heavy iron spiders having four arms fitted with steel 
ploughs. These stirrers are driven by bevel gears. In the 
centre of the pan Is the discharge hole, which is closed by 
a valve operated by a lever. This same lever also controls 
a scraper which is lowered into the pan as the plug is 
raised. 

The weighed charges of acid and rock are run into the 
revolving acidulator at the same time, and stirred for at 
least two minutes, or until an intimate mixture is obtained. 
The lever which controls the scraper and discharge valve 
is then lowered, and the material ejected into the “ den ” 
directly below, or into a car which hauls it to the storage 
shed and dumps it on a pile. 

Both the “ den ’* and “ open dump ” systems of making 
acid phosphate are employed in this country. Bach has 
points to recommend it and each has certain objectionable 
features, 

(To be continued), 
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SOFT SODA GLASS, SUITABLE FOR X-RAY 
BULBS. 

The Glass Research Committee of the Institute of 
Chemistry find that a glass such as that made from 
formula No. 10, recently published by them and recom- 
mended for X-ray bulbs, does not give a green phosphor- 
escent glow if it is made from approximately pure 
materials. The slight glow given is blue. In view of the 
fact that a green phosphorescence appears to be preferred 
by users of X ray tubes, it seemed desirable to determine 
the conditions for obtaining this effect. It has been traced 
to the presence of manganese, and such a glass as No. xo 
will give this green glow if manganese dioxide is added to 
the batch mixture m the quantities frequently used to 
correct the colour due to iron. 


A WAKE-UP IN INORGANIC CHEMISTRY 
NEEDED. 

A correspondent who has devoted much attention to 
this subject writes as follows : — 

“ It has always seemed highly probable that 
potassium salts must exist under the /ast salt deposits in 
Durham, Cheshire, &c. Lithium salts are, I believe, 
entirely obtained from Germany and America, from 
lepidolite, petalite, &c., while in the hot spring at the 
Wheal Clifford Mine in Cornwall 800 lbs. of lithium 
chloride are running to waste every twenty-four hours ! 
(Chemical News, x., 181). Enormous amounts of barium 
salts are imported from Germany, while the English 
sources are neglected (of barium sulphate at least). 
Strontium carbonate is imported from Westphalia, while 
the mines at Strontian, Argyllshire, lie idle. Some of the 
old miners there told me some years ago that there were 
great quantities of strontium carbonate in the mines, but 
underneath the top layers of calcite.” 

This could be extended to many other minerals. We 
shall be pleased to receive comments and letters discussing 
the points here raised. 

WELSH NOTES. 

(By Cur Special Correspondent). 

Business at Swansea Docks during the past week was 
very satisfactory, not withstanding increased restrictions, and 
on totalling the tonnage for the week we find an increase 
compared with the total of the previous week of 15,000 
tons, whilst strangely enough the figures for the corre- 
sponding period in last year are identical. Whilst exports 
were brisk the import trade was under the average. Chief 
among the imports were 1280 tons iron ore from France, 
1227 tons steel scrap, and 1700 tons pig-iron from Italy, 
i860 tons calamine from Spain. Patent fuel exports 
amounted to xg,22o tons. Shipments of tinplates totalled 
69,733 boxes, 87,231 boxes being received from works. 
Stocks in the dock warehouses and vans amounted to 
312,856 boxes, compared with 295,358 boxes the previous 
week and 232, X7g boxes the corresponding week last year. 

The shipping trade at Port Talbot docks was excep- 
tionally brisk last week, registering an increase of xo,ooo 
tons over the corresponding week in last year. A feature 
of the imports was two very large cargoes of steel billets 
and pig-iron. Patent fuel exports totalled 4470 tons. 

Trade was very active in all departments of the Swansea 
Valley with the exception of the tinplate works, where the 
average production represented big decreases. The posi- 
tion at the blast-f umace was still pressing, and there was 
a substantial increase in the production of pig-iron. All 
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steelworks were in full swing, and copper works were 
active. Employment at the spelter factories continued 
very heavy. Lead -piping and safety -fuse factories 
experienced a brisk time, and there was an increase in the 
demand for material. A brighter outlook was observed in 
the sulphuric acid factories. The position of the Mond 
Nickel Works and the Mannesmann Tube Works showed 
increasing pressure, whilst iron and brass foundries con- 
tinued active. 

Dowlais Steel and Iron Works experienced another very 
brisk week. The Goat Mill sent out a very good tonnage 
of heavy steel rails, steel sleepers, square bars, cogging 
billets, tin bar, &c. The Big Mill was kept at the making 
of sole plates, fish plates, and tram-rails of short lengths. 
The despatching was done expeditiously, and no time 
was lost. 

The Caerleon Engineering and Tinplate Works, which 
have been closed for about two years, are to be re-started 
on Monday, June ax, as tinplate works only. Mr. John 
Paton, of Pontypool, who has similar works in the eastern 
valleys of Monmouthshire, is the new proprietor. It is 
estimated that employment will be found for 170 to 200 
men and girls. Two mills of the Ely Tin Works, Pontyclun, 
are also being started this week by Messrs. Richard 
Thomas and Co. 

The official return of tonnage dealt with at the Swansea 
Docks for the month of May contains some interesting 
information. As was only to be expected there has been 
a falling off in the exports of coal, coke, and tinplates ; 
tin, terne, and black plates dropping from 35,590 in May 
last year to 26,14$ tons. Against this there has been an 
increase in the export of patent fuel from 71,3x2 tons in 
May last year to 77,753 tons in May this year. Regarding 
the imports we find that there has been a big increase in 
zinc and iron-ore. In May, 1914, the imports of 2inc-ore 
and alloys was 3038 tons, whereas last month it was 
12,073 ton8 > xi, 060 tons of iron-ore was imported 

last month against 4150 tons in the corresponding month 
of last year. 


PROCEEDINGS OF SOCIETIES. 


ROYAL SOCIETY. 

Ordinary Meeting, June 3, 1915. 

Sir William Crookes, O.M , President, in the Chair. 

Papers were read as follows:— 

“On the Shapes of the Equi potential Surfaces in the Air 
near Long Buildings or Walls , and on their Effect on the 
Measurement of Atmospheric Potential Gradients* By 
Prof. C. H. Lees, F.R.S. 

The shapes of the equipotential surfaces are deter- 
mined and the equipotential lines drawn to scale in the 
following cases: — 

x. A thin vertical wall. 

2. A retaining wall separating a lower from a higher 
horizontal plane. 

3. A series of equidistant parallel vertical walls. 

In each case the normal vertical potential gradient may 
be calculated from observations of the potential at any 
omt. A point on each wall is indicated at which the 
orizontal potential gradient is identical with the normal 
vertical gradient. 

“The Influence of Gases on the Emission of Electrons 
and Ions from Hot Metals By Prof. 0 . W. Richardson, 
F.R.S. 

As is well known, the thermionic saturation current 
f is expressed accurately and quite generally over wide 
ranges of temperature by the equation — 
i - AT*e-*/r. 


In the case of metals in particular, the equation is satis- 
fied when the metals are contaminated by the presence of 
a gaseous atmosphere, as well as when the surfaces of the 
pure metals are tested. In general, however, the effect 
ot the contaminating gas is to cause large changes in the 
values of the constants A and b. 

The changes which are thus brought about in these 
constants are considered in the present paper. So far as it 
may be considered reliable, the available evidence shows 
that A and b for a given metal always change together in 
such a way that the change in log A is proportional to the 
change in b . This linear relation is very closely satisfied 
by the results ot all Langmuir’s observations with tungBten, 
for which substance different gases change A by as large 
a factor as io 12 . A similar relation, with an almost equal 
coefficient of proportionality, is required by the best 
observations on the negative emission from platinum. In 
the case of tungsten, contaminants show an increase in A 
and 6, whereas with platinum a diminution occurs. All 
the known data point to the existence of a similar law 
governing the steady emission of positive ions from 
platinum. 

By applying thermodynamic considerations to the 
emission of electrons from contaminated surfaces, it is 
shown to follow from the linear relation between log A 
and b that the contact potential difference between the 
pure and the contaminated metal is of the form 
<*o (x — «T), where the constant ao has opposite signs for 
tungsten and platinum, and a has approximately the same 
value for both metals. T is the absolute temperature. 

“The Band Spectrum associated with Helium By 
J. W. Nicholson. j 

Fowler has concluded recently that the heads of the 
bands in the new spectrum associated with and perhaps 
due to helium follow laws of the type hitherto peculiar to 
line-series. A further examination of some points which 
were in doubt has been made, with the following 
results:— * 

t. The paper supports »he conclusion that the heads of 
the bands in the spectrum of Goldstein and Curtis follow 
ordinary series laws by showing that the doublet separa- 
tions actually tend to zero at the limits of the series. 

2. Both the doublet series isolated by Fowler are 
strictly analogous to principal series in line -spectra. 

3. The generalised Rydberg formula, in which the wave 
number is a function of m -f 7/, gives the most suitable 
representation of these senes as well as ot line-series. 

u 'The Chromosome Cycle in Coccidia and Gregarines* 
By C. Dobell and A. P. Jameson. 


PHYSICAL SOCIETY. 

Ordinary Meeting , June 11, 19x5. 

Dr. A. Russell, M.A„ Vice-President, in the Chair. 

A paper on “The Coefficient of Expansion of Sodium* 
by B. A. Griffiths and E. Griffiths, M.Sc., was read 
by the latter. 

The thermal expansion and increase in volume on lique- 
faction of sodium were determined by a method based on 
the following principle 

The difference in expansion of a volume of sodium and 
an equal volume of glass (or quartz) was measured by 
differential weighing under oil at various temperatures. 

A volume of about 250 cc. of sodium was suspended 
from one arm of a short beam balance and a weighed 
glass bulb of equal displacement from the other arm. 

The experiments show that sodium expands quite 
uniformly with the temperature up to its melting point. 

The value 0-000226 was deduced for the coefficient of 
expansion. In changing from the solid to the liquid 
state, an increase of 2-57 per cent occurs in the volume. 
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Discussion. 

Mr. F. £. Smith expressed his admiration (or the 
method employed and for the order of accuracy with 
which the observations appeared to have been made. 
Would it have been possible to obtain sufficient accuracy 
with tbe sodium in an ordinary dilatometer, the remainder 
of which contained oil, as was often done in the case of 
other metals ? 

Mr. A. Campbell asked if there had been no trouble 
from convection in the oil at the higher temperatures. Had 
the authors noticed any hysteresis effect in the expansion 
of the glass globe such as the behaviour of a thermometer 
bulb would lead one to expect ? 

Dr. C. Chrbe stated that the two curves which Mr. 
Griffiths had drawn on the board representing the 
theoretical and experimental results were very similar in 
form, which might indicate that the theory had something 
in its favour. Had the coefficient of elasticity been deter- 
mined for the actual specimen used, or were general results 
assumed ? He believed that the elasticity varied consider- 
ably in different specimens. 

Mr. J. Guild asked what precautions had been found 
necessary to avoid difficulties due to the very uncertain 
capillary effects where the suspensions enter the oil. Was 
the compensating bulb evacuated ? If it contained air at 
atmospheric pressure when cold, the pressure would 
increase by about a third of an atmosphere atioo°C., 
which would produce an appreciable alteration in the 
volume of the compensator. The neglect of a correction 
for this pressure effect would be to give less than the true 
value for the expansion of the sodium. He bad not had 
time to see whether this would diminish or increase the 
discrepancy between the observed and theoretical values 
of Cv, but it seemed advisable in future work either to 
evacuate the compensator or to determine its total expan- 
sion from all causes by a blank experiment. 

Mr. S. D. Chalmers asked if a check was made to see 
if tbe volume of tbe bulb was the same before and after 
the experiments. Had the authors tried if Lindemann’s 
formula would agree with their results ? 

Mr. Griffiths, in reply, said that in the dilatometer 
method the difference m expansion of sodium and oil 
would be measured. The coefficient of expansion of oil 
is about ten times that of a metal, and would have to be 
determined with considerable accuracy. The method 
described was intended to measure the expansion relative 
to that of fused quartz, of which the coefficient is about 
1/200 that of a metal and is accurately known. The ex- 
pansion of the oil only affects the ratio of the densities at 
the two temperatures. The effect of convection was 
greatly reduced by the symmetrical disposition and close- 
ness of the bulbs. No secular changes were found, the 
results obtained before and after heating to the higher 
temperatures agreeing (see Table I. and Fig. 2). With 
quartz bulbs no secular effects would be possible. The 
formula of Einstein and Debye were able to represent the 
general form of the atomic heat-temperature curve, but 
systematic divergences from tbe experimental results 
occur and the theories fail to account for the abnormal 
increase near the melting point. Nernst and Lindemann’s 
formula gave a curve very similar to Debye’s (see Phil, 
Trans . R,S n A, 1914, ccxiv., 343. He had assumed 
Richards’ value for the elasticity. Tbe suspensions were 
of fine tinned steel wire. As the oil wetted the surface the 
capillary effect would probably be constant, and the same 
for both wires. The compensator was heated to about 
200° 0. when sealing off and, being stout walled, would be 
little affected by the changes of pressure of the residual air 
when heated. The expansion of the compensator was 
checked by weighing it alone in water at different tem- 
peratures. 

A paper, entitled M Notes on the Calculation of Thin 
Objectives , w was read by Mr. T. Smith, B.A. 

Lens systems which are symmetrical about an axis have 
n general six degrees of freedom for first order aberrations. 
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Thin systems have only three degrees of freedom, and in 
consequence of the limited range of glasses only two 
degrees of freedom are practically available. In achro- 
matic combinations of two lenses these two degrees of 
freedom are controlled by the general shape as distinct 
from the total power of each lens. In general when two 
given conditions are satisfied the curvatures of the inner 
surfaces are not equal, so that a cemented combination of 
two lenses is not possible. Owing to tbe increased light 
transmitting powers it is often necessary to have only two 
glass air surfaces, and thus more than two component 
lenses are necessary. The effect of bending any thin 
system as a whole by increasing the curvature of each 
surface by the same amount is investigated, and it is 
shown that with two given kinds of glass a triple cemented 
lens can be formed satisfying two arbitrary aberration con- 
ditions. The problem reduces to the solution of quadratic 
equations, and in general there are four solutions. Illus- 
trations are given of astronomical objectives of both 
double uncemented and triple cemented forms, and the 
glasses are determined for which a doublet can be 
cemented. 

Discussion. 

Mr. S. D. Chalmers expressed his appreciation of the 
paper. One could get a rapid survey from it of tbe results 
which were possible. Tbe special problem of a lens cor- 
rected for spherical aberration and coma bad been dis- 
cussed by Harting and also by Von Hoegb. The latter 
had solved tbe problem on lines which seemed to him 
rather simpler to use. He did not quite agree with the 
author’s statement that the use of phosphate crowns had 
been entirely discontinued. Glasses very like these have 
been used fairly frequently, especially by Continental 
makers. There were cases where in computing a lens it 
was not desired to achromatise completely; where, for 
example, after correcting for spherical aberration and 
coma, some residual chromatic aberration was desirable 
to neutralise the chromatic aberration of the prisms in 
binoculars. 

Mr. A. Campbell asked if the small thickness of the 
cement used in cemented lenses made an appreciable 
difference, and if its refractive properties entered into the 
calculations. What was the range of refractive index 
available in tbe modern optical glasses ? 

The Author, in re^ly, was surprised to hear that phos- 
phate glasses were still employed in any case in which 
they could possibly be avoided. The cement used was 
always Canada balsam and was entirely neglected in all 
computations. A range of refractive index of 1*47 to 179 
was available, but the extreme values were rarely used, 
z*49 to about X'65 or so being tbe range usually utilised. 

A paper “ On Tracing Rays through an Optical System ” 
was read by Mr. T. Smith, B.A. 

Trigonometrical formulae have been used for tracing 
rays not lying entirely in one plane through optical 
systems, as these can readily be arranged in a form suit- 
able for logarithmic calculation. When a calculating 
machine is available such computations can be carried out 
more expeditiously by using algebraic formulae given in the 
paper ; in form these exactly correspond with the expres- 
sions for paraxial rays, and a comparison of the numerical 
result appears likely to suggest what alterations should be 
made when a general ray does not behave as desired. It 
is pointed out that if the two points in which a general ray 
meets an axial plane are denned as conjugate points, all 
pairs of conjugate points on a ray are connected by the 
same relations as hold for object and image points for 
paraxial rays, and the theory for paraxial rays can be 
extended to rays in general by placing a suitable inter- 
pretation on magnification, &c. The definition of conju- 
gate points can be extended to include rays lying in axial 
planes, in which case the one point marks the intersection 
of the ray with the radial focal line formed by rays passing 
through its conjugate. 
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Discussion. 

Mr. S. D. Chalmers was particularly interested in the 
method of tracing rays through a system. The relation 
ships between the various quantities involved was of 
considerable interest. The author’s methods of treatment 
seem to present many possibilities in addition to the cases 
actually quoted. By extending them he may simplify very 
considerably many important computations. Some time 
ago he had used somewhat similar methods to express the 
image position of an object in terms of the separations of 
the surfaces and the height of the intercepts or a standard 
ray on the different surfaces. 

Mr. T. Smith, in reply, agreed that if one had time to 
go into all the cases which might arise many interesting 
and useful results would follow. It was easy from the 
formulae he had quoted to obtain an idea of what other 
general relations are likely to exist in an optical system, 
and to extend the meaning to be attributed to various 
conditions, such, for example, as the sine condition of 
Abbfc. He hoped to treat more fully of these matters 
later. 

A paper on “ The Accuracy of the Lens and Drop Method 
of Measuring Refractive Index"’ by Mr. H. Redmayne 
Nettleton, B.Sc., was taken as read in the absence of 
the author. 

The paper describes a simple arrangement for com- 
paring on an optical bench the refractive indices of liquids 
for monochromatic light by the lens and drop method. 
The accuracy and sensibility of the method are discussed, 
special stress being laid on the choice of lenses and on the 
manner of correcting for the thickness of lens used. 
Attention is drawn to the accuracy obtainable in 
measuring a small radius of curvature of a lens face in 
terms of the well known refractive index of water, and in 
measuring the refractive index of the glass of a lens. 


NOTICESjOF BOOKS. 

Brazil . By J. C. Oakenfull. Frome : Butler and 
Tanner. 

Tins handbook is full of valuable information about the 
history, resources, and industries of Brazil, and will be 
invaluable to intending settlers and visitors. Details of 
the laws and customs of the different parts of the country 
are included, and many maps, plans, and illustrations are 
given. In addition a really useful bibliography is pro- 
vided, and the regulations regarding colonisation and im- 
migration are reprinted. 


Extinction des Radiations Solaires dans V Atmosphere 
Terrestre . (“Extinction of Solar Radiations in the 
Terrestrial Atmosphere ”). By F. Lindholm. Upsala : 
Librairie A.B. Akademiska Bokhandeln. 

The experiments described in this monograph had for 
their object the determination of the coefficient of atmo- 
spheric transmission, and were carried out at the Physical 
Institute of the University of Upsala. The spectrobolo- 
metric method was adopted, and the experimental 
arrangements and process of taking the measurements are 
explained in detail, with full tables of the results 
obtained. It was found that the transmission decreases 
with the wave-length, the values calculated for the extreme 
infra-red being uncertain and often forming exceptions to 
the general rule. 

V Expedition Franco-Suedoise de Sondages Acriens a 
Kiruna . (“The franco-Swedish Expedition of Aerial 
Soundings at Kiruna’'). By H. Maurice. Upsala: 
Librairie A.B. Akademiska Bokhandeln. 

This monograph contains interesting details of the Franco- 
Swedish expedition sent to Kiruna to study the tempera 
ture, &c., of the upper atmosphere. For this purpose 
24 balloons containing registering Instruments were sent up 
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in three series in the years 1907-8 9, 16 of them being 
found and returned by the find ess some time (occasionally 
years) after having been liberated. The results were 
compared with those obtained by similar experiments 
made near Paris and in tropical regions. It was found 
that in the Polar circle, as in medium latitudes, there is a 
zone throughout which the temperature no longer decreases 
as the altitude increases, but may even become higher— the 
stratosphere. The temperature of the upper air (above 
14,000 m.) in winter in the Polar circle is not lower than 
that above Paris at the same height, though the tempera- 
ture of the eaith is a good deal lower, and the average 
temperature is higher above Lapland than in Equatorial 
regions at the same altitude. 


CORRESPONDENCE. 

/*-NAPHTHOL IN DISINFECTANTS. 

To the Editor of the Chemical News. 

Sir,— On folio 286 of your last week’s issue, in the report 
of the meeting of the Society of Public Analyts, there is 
an abstract of a paper by Mr. Bodmer on 0-naphthol in 
disinfectants. In the report it states that Mr. Bodmer 
found that “Richmond {Analyst, 1907, xxxii., 151) 
recommends a diazotised benzidine solution for the detec- 
tion of j8-naphtboI in milk.” I would ask you to state 
that the paper in which the solution is described is by Mr. 
E. Holl Miller and myself. It was due to a suggestion of 
his that tetrazonium salts condensed easily with 
g-naphthol in neutral solution to form a fine red colouring 
matter while other phenolic compounds condensed with 
difficulty, that we worked out the method depending on 
the use of benzidine for the detection of f-naphthol, and 
I am anxious that Mr. Miller’s name should have at least 
equal prominence with my own. — I am, &c., 

H. Droop Richmond. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Bulletin de la Socictc Chimique de France . 

Vol. xvii.-xviii., No. 6, 1915. 

Cuprous Carbonate.— P. Carles.— When the am 
moniacal compound of copper is prepared by subjecting 
copper alternately to the action of air and liquid ammonia 
the process comes to a standstill after a time. This is 
due to the action of the carbon dioxide of the air which 
forms a protective layer of cupric carbonate. If this is 
left in contact with the metal cuprous carbonate is formed. 
It is a green powder, insoluble in pure water and in water 
containing ammonia, and fairly stable in air. It dissolves 
in acids with effervescence. 

Dehydration and Etherification of Cyclobexanol 
and ^-Methylcyclohexanol by Oxalic Acid.- M. A. 
Juery. — When three molecules of oxalic acid are employed 
to dehydrate one of cyclobexanol good yields of hydro- 
carbon are obtained. If less than two molecules are used 
the proportion of hydrocarbon is reduced, and the oxalic 
ethers of the cyclohexanol are obtained. With one mole- 
cule of acid to two of alcohol etherification occurs but no 
dehydration. The author has prepared two neutral oxalic 
ethers of ^-methylcyclohexanol, one crystallised and the 
other liquid, which are possibly the two isomers foretold 
theoretically. 

Transformation of Antipyrine into Diantipyrine- 
methane by Formic Aldehyde.— Ch. Astre,— Anti- 
pyrine can be transformed into diantipyrinemethane in a 
few minutes by the action of formic aldehyde in presence 
of water only. A trace of alkali is sufficient to retard the 
action and render it incomplete. Pyramidon acts still 
more energetically than mineral alkalis, and absolutely 
stops the transformation. 
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A BOULRNC, J M and J. B. Sen- 
**• derent, (See Senderena, J. B ) 
Absorption coefficient* of homo- 
geneous X-radiation, method 
of calculating, 283 
Acetylene and ita metallic deriva- 
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36 

Acid, benzoic, rotatory powers of 
some esters of, with optically 
a&ive secondary alcohols, 33 
bone, determination of small 
quantities. 204 
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neutralisation curve of, 285 
carbonic, thermal properties at 
low temperatures, 203 
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cis-caronic, and derivatives, 48 
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molybdic, recovery of, 220 
x* and 2-naphtboic, rotatory 
powera of estera of, with 
optically active secondary 
alcohol*. 33 

nitrous, adkion on the amines, 


oxah , dehydration and etheri- 
fication of cyclohexaool and 
p-methylcydohexanol by, 31a 
Z-phenylchloroacetic, conversion 
into d-diphenylsuccimc acid, 
38 

phenylpyntvic, tautomerism of, 
108 

phosphoric, produftion and 
fertiliser value of citnc- 
soluble, 260, 288 
succinic, opocal rotatory power 
of derivative* of, in aqueona 
solutions u{ inorganic saiu, 34 
sulphuric, supply for Govern- 
ment contradtou, 204 
Acids, amino, attempts to resolve 
metallic salts of, 23 
bone, properties of solutions of, 
in alcohol, 22 

oxybensoic, molecular weights 

of, 96 

Acrolein, beat of formation, 254 
A&lnium, recovery from the olary 
ores, 50 

Addeobro Ice, G. L , relative 
losses m diele&rica in equi- 
valent ele&nc fields, steady 
and alternating (R.M S ), 167 
Addicks, L , commercial Grati- 
fication of refined copper, 73 
Adsorption formula, Gibbs, simple 
method of deriving, 284 


Aeroplane problems, discontinuous 
fluid motion past a bent plane, 
with reference to, 94 
Agriculture, International In- 
stitute of, 281 

Air near long buildings or walls, 
shapes of eauipotential sur- 
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of iodine indices in, 72 
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